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SUMMARY

• This study was necessitated by various environmental legislation,

ac ts, and regula tions , including the National Environmental Policy
Act (NEPA) of 1969 (Public Law 91—190); Executive Order 11514,

“Protection and Enhancement of Environmental Qua l i ty , ” 1970; Section 122

of the River and Harbor and Flood Control Act of 1970 (Public Law 91—611);

the Council on Environmental Quality, “Gu idelines for Statements
on Proposed Federal Actions A f f e c ting the Environmen t,” 1973; and the

Wa ter Resources Council , “Principles and Standards for Planning Water
5 and Rela ted Land Resources ,” 1973 (Principles and Standards); and the

desire of the U. S. Army Corps of Engineers to conduc t sys tematic and

compr ehensive env ironmen tal planning. In essence , these legislations ,
acts , and regula tions established general bu t f i rm requirements for the
Corps and other Federal agencies to conduct studies of the en iironmental ,

soc ial , and economic effects of proposed activities at a level of detail

adequate to affect the decisionmaking process. 
-

4 The objectives of this study are to

a. Conduct a comprehensive review and evaluation of major
impact methodologies , par ticularly those tha t have been
developed for or...have potential application to water re—
sources programs.

b. Develop an assessment methodology consistent with NEPA ,
Principles and Standards , and Corps Engineer Regulations
tha t can be used by Corps planners for assessing alterna-
tives and evaluating water resources programs and projects.

c. Conduc t several field tests using the methodology to
de termine overall util ity and practicability.

d. Prepare and conduct a training course for water resources
planners rela tive to the app lica tion and implementation of
this methodology .

Objec tives a and b have been accomp lished and the resul ts are presen ted

herein. The remaining objectives will be addressed at a later date.

During this study, 54 assessment methodologies were reviewed and

eval ua ted b y a p lanning team composed of personnel from the Office,

Chief of Engineers; the Lower Mississipp i Valley Division ; the

Jacksonv i lle , Sacramen to , Tulsa , and Vicksburg Districts; the U. S. Army

1
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Eng ineer Waterways Exper iment  Stat ion ; the U. S. Bureau of Reclamation ;

and two p r iva t e  consul tants  to determine their  u t i l i t y  or po ten tial
app l i cab i l i t y  for  water  resources projects .  Final screening revealed

tha t none of the me thodologies en tirely satisfied the needs and/or re-

quirements of Corps activities , al though several me thods con tained
salient features that were considered by the planning team as important

for Corps assessment and evaluation . These features include the concepts

of impac t weigh ting and scaling, appropr iate impac t summariza tion and
• presentation techniques , and lists of variables.

Impac t assessment includes consideration of the importance of each

variable affected and the probable absolute or relative impacts of al—

ternatives on each variable. Wei ghting involves the assignment of im—

por tance to impac ted var iables , and scaling includes the approaches used
to address the absolute or relative impacts of alternatives. The

weighted rankings technique is the procedure used in the water resources

assessment methodology (WRAN) for assigning importance weights; weighted
rankings , functional graphs , or linear proportioning is used for scaling,

depending on available - data and technology.

The essential components of WRAN are

I. Selection and Familiarization of Interdisciplinary

H Team

II. Selection of Assessment Variables and Environmental
Inventory

III. Impact Prediction , Assessmen t, and Evaluation

IV. Documentation of Results

In the presenta t ion  of any such methodology , the claims of a “new”

comprehensive approach should not be exaggerated nor existing limita-

tions for  app lication be underestimated. Many of the components of

WRAN have been used before. In addition , limitations in the present

state of the art of variable measurement and impact assessment and pre-

d iction preclude the level of objective , analytical evaluation that is
often desired. However , the dynamic character of WRAN will allow in—

corporation of new information and technology as they become available.

2

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

.

~~~

. . - 

~~~~~~~

‘ ‘~~~~~~~~ B



.5- - —5--- --.-,—-—-- --,S --

v . 5,

Specific recommendations for related research activities identified

by,  but not a part of , this study include the development of (a) function

graphs and (b) techniques for predicting probable changes in variables

as a result of implementing alternatives.

3

4

t

3

__ °5 8



___________ .---- 5- •——~~~ -

PREFACE

Th is research , Evaluation of Environmental Assessment Techniques ,

Work Unit CWIS 31443, was conducted under the Civil Works Environmental

Impact Research Program. This interim report presents conclusions based

on review and evalua tion of maj or impac t me thodologies , particularly those

that have been developed for or have potential app lica tion for  wa ter

resources program s, and develops an assessment me thodology (WRAN) that

can be used to assess impacts and evaluate alternatives for water resources

programs and projects. Additional goals of this study,  not addressed in
this report , will be to (a) develop a statistical analys is componen t to

test for significant differences between and among alternatives (FY 77);

(b) conduct a rigorous field testing program (FY 77—78); (c) develop a

computer program to assist with mathematical computations (FY 78);

(d) continue interagency coordination (FY 77—78); and (e) develop and

conduc t a training program for potential users (FY 78—79).

The portion of the study reported herein was conducted during the

period June 1975—December 1976 by an interdiscip linary study team from

the Environmental Effects Laboratory (EEL), U. S. Army Engineer Waterways

Experiment Station (WES), and two consultants , with overall guidance

provided by a planning team, The study team was’ composed of and the

report prepared by Messrs. R. Charles Solomon , Billy K. Colbert , and
William J. Hansen, and Ms. Sue E. Richardson , EEL; and Drs. Larry W.

Canter , Un iversity of Oklahoma , and Evan C. Vlachos , Colorado State

University. The planning team was composed of Messrs. Jack R. Bernard

and Fred J. Kindel , Sacramento District; John B. Bushman and Richard L.

Makinen , O f f ice , Chief of Engineers (OCE); James R. Chambers , H. Tom
Holland , and Norwin E. Johnson, Lower Mississipp i Valley Division ;

Rudolph A. Nyc , Jacksonville District; Ernest E. Parks, Jr., Vi cksbur g
District; James Randolph, Tulsa District; George H. Wallen , Bureau of

Reclamation ; Drs. Rex L. Eley, Walter B. Gallaher , Luther F. Holloway ,

and Conrad J. Kirby, EEL ; Messrs. Solomon , Colbert , and Hansen;

Ms. Richardson; and Drs. Can ter and Vlachos, Additionally ,  the study was

coordinated with the U. S. Environmental Protection Agency, Department

4 

• ~~~~~~~~~~~~ — - — ~~— .• ~~~~~~~~ ~~~~~ ~~~~~ SOS~ . - ic  .
~~ b s’ — 

~~~~~~~~
‘ ‘  

~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ . .L.~ ~~~~~~~~~~~~~~~~~~~ 

.
~~~~~~~~~~~~~~~~ -_ - ..— ——~:~~~..:~~~~

——---—--—--
~~~~ --— . . • . ~~~~~~~~~~~~~~~~~~~~~~~ ____



of the Interior , Department of Housing and Urban Development , Council

on Environmental Quality, and National Science Foundation .

The construc tive cr it icisms and help ful  comments prepared by the

members of the planning team and Drs. Al Schaffer , Soc iology Depar tment,
Texas A&M University; Patricia K. Guseman, Texas Transportation Institute ,

Texas A&M; and Fred W. Grupp , Sociology Depar tment, University of
Connecticut ; and Messrs. Glenn Loomis and Gerry Lowry , Soil Conservation

Serv ice , Wash ing ton , D. C., are gra tefully acknowledged .
This study was performed under the general direction of Drs. John

Harrison, Chief , EEL , and Conrad J. Kirby , Chief , Environmental Resources
Division , EEL. Mr. John Bushman , OCE , was technical monitor .

COL C. H. Hilt, CE , and COL J. L. Cannon, CE , were Directors of

WES during the study . Technical Director was Mr. F. R. Brown,
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CONVERSION FACTORS , METRIC (SI) TO U. S. CUSTOMARY AND
U. S. CUSTOMARY TO METRIC (SI) UNITS OF MEASUREMEN I

Units of measurement used in this report can be converted as follows :

Multiply By To Ob tain

Metric (SI) to U. S. Customary

microns 0.003280839 feet

metres 3.280839 feet

kilometres 0.6213711 miles (U. S. statute)

square kilometres 0.3861021 square miles (U. S.
statute)

micrograms per cubic 0.000133526 x io
_ 6 

ounces (mass) per gal—
metre lon (U. S. liquid)

milligrams per litre 0.0000083 pounds (mass) per gallon
(U. S. liquid)

Kelvins or 9/5 Fahrenheit degrees*
Celsius degrees

U. S. Customary to Metric (SI)

feet 0. 3048 metres

miles (U. S. statute) 1.609344 kilometres
• 

acres 4046.e56 square metres

tons 907.1847 kilograms

‘I

* To obtain Fahrenheit (F) temperature readings from Celsius (C) read-
ings , use the f ollowing formula: F = 9/5(C) + 32. To obtain Fabren—
heit readings from Kelvins (K), use: F = 9/5(K — 273.15) + 32.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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WATER RESOURCES ASSESSMENT METHODOLOGY (WRAM)——

IMPACT ASSESSMENT AND ALTERNATIVE EVALUATION

• PART I: INTRODUCTiON

Background for Impact Assessment

Legislation and regulations

1. Prior to the enactment of the National Environmental Policy

Act (NEPA) of 1969 (Public Law (PL) 91—190), projects under the direction

of the U. S. Army Corps of Engineers , the U. S. Forest Service , and

several other Federal agencies were controlled by in ternal regula tions
and/or policy requirements that resulted in an impact survey , assessment

document , base survey, or simi lar rev iew for  each projec t. The purpose

• of such reviews was to delineate changes in land use, resource develop-

ment , or resource management. Generally, the resulting report was not

provided to other Federal agencies or the public for formal review.

However , with increased public interest in the environment and resource

pro tection in the late 1960’s, Congress passed NEPA. The primary

importance of this act was the establishment of a broad national policy

4 directing Federal agencies to maintain and preserve environmental quali-

ty.

2. The most significant feature of NEPA is the requirement for an

environmental impact statement (Section 102(2)(c)). This section re-

quires all Federal agencies and officials to (a) direct their policies ,

p la ns, and programs to protect and enhance environmental quality;

(h) view their actions in a manner that will encourage productive and

enj oyable harm ony between man and his environment; (c) promote efforts

that will minimize or eliminate adverse effects to the environment and

st imulate the health and well—being of man ; (d) promote the understanding

of ecolog ical systems and natural resources important to the Nation ;

(e) use a systematic and interdiscip linary approach that integrates the

ecolog ical , social, cultural , and economic factors in plann ing and
decisionmaking; (f) stud y,  develop,  and describe alternative actions

9
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that will avoid or minimize adverse impacts; and (g) evaluate the

short— and long—term impacts of proposed actions.

3. NEPA also established the Council on Environmental Quality (CEQ),

one of the functions of which is to issue guidelines for preparing en-

vironmental impact statements. All Federal agencies, in consultation

with CEQ, are required to develop their own internal instructions or

regulations for imp lementing NEPA.

4. Subsequent  legis lat ion in Sect ion 122 of the River  and Harbor

and Flood Control  Act  of 1970 (PL 91—611) directed the Corps to promul-

gate guidelines designed to ensure tha t poss ible adv erse economi c,
social , and environmental effects related to flood control , navigation ,

and associated plans we’m considered during plan formulation . An effects

assessment report , required in response to this legislation , parallels

and is concurrent with plan formulation and is used as input to the

environmental impact statement.
V 5. After the effective date of NEPA (1 January 1970), the Corps of

Eng ineers along with other Federal agencies was required to prepare en-

vironmental impact statements on a backlog of projects in various stages

of planning,  des ign , construction, and operation . The compilation of

required information in sufficient detail to affect the decisionmaking

process , however , requires qualif ied personnel , time , and money.

Initially , the personnel, time, and funds required to process this back-

log of projects were not available to Federal agencies. Consequently ,

environmental impact statements prepared by most Federal agencies during

• 1970 and 1971, in the absence of specific guidance by Congress or CEQ ,
V 

were very brief ; did not adequately descr ibe the environmental impacts

of proposed projects , especially s.~condary and cumulative impacts; did

not adequa tely addr ess a wide spec trum of al terna tives and the ir var ious

impacts; and did not actively seek public participation .

6. Subsequent to NEPA and Section 122 of FL 91—611 , a broad and corn—

prehensive regulation , “Pr inci ples and Standards for Planning Water and

Related Land Resources ,” hereafter referred to as Princip les and Stan—

dard s, was dev eloped by the Wa ter Resources Council (Wa ter Resour ces
Council 1973). Principles and Standards was developed to promote the

10
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qual ity of life by reflec ting society ’s preferenc es for  enhancing bo th

national economic development and the quality of the environment. The

“Princ ip les” prov ide a broad policy framework for  planning ac tivi ties,
and- the “ Standards ” provide operat ional  c r i t e r i a  for  achieving u n i f o r m i t y

and consistency in comparing, meas ur ing, and judging beneficial and ad-

verse e f f e c t s  of a l te rna t ives .  Principles and Standards app lies specifi-

cally to all Corps Civil Works projects and to all other Federal agency

projects related to planning, devel oping,  and manag ing wa ter or rela ted

land resources.

7. In response to the p lanning requ iremen ts developed by the Wa ter

• Resou rces Counc il, the Corps has developed the Engineer Regula tion
V 

(ER) 1105—2—200 series to es tabl ish  in ternal guidance for conduc ting

f e a s i b i l i t y  studies for  water and related land resources , and the

ER 1105—2—421 series to clarify environmen tal quality fac tors tha t should
be taken into consideration during planning.

Need for methodologies

8. Water resources programs and projec ts, like all Civil Works

projec ts, ar e very broad and frequen tly highly complex from the stand-
point of the diverse biological , chemical , physical , social , cultural ,
and economic factors that may be affected. Consequently,  evaluation of

the effects of water resources projects on the environment is comp licated

and should be approached systematically. These complexities mandate a

f l exible assessment approach or methodology ra ther than a rigidly struc-

tured system that would inhibit the application of knowled ge and the

exerc ising of prof essional judgmen t by Corps field personnel.

9. One important purpose of an impact methodology is to ensure that

all assessment variables that need to be considered (as determined by

the p lann ing team , internal regulations , State or Federal laws, or con—

cerned citizens groups) are included in impac t analysis, assessmen t , and

evaluation . Id eally, a methodology should provide a means of ideriti—

fying data needs and determining priorities for allocating resources.

An environmental assessment method should also provide a framework for

eval ua t ing al terna tive plans on a comparable basis. Finally, method-

ologies should be useful  in evalua ting the e f f e c tiveness of mitiga tion

11
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measures , in considering t r ade— off s  among alternative actions , and in

formulating additional alternatives.

10. Federal agencies, universities, and private consultants have

developed numerous environmental impact assessment methodologies since
V 1970. Desp ite these developments , there are no universally acceptable

techniques or procedures for  conducting impact assessments because of

the high diversity of types of projects , the part icular i t ies  of each

situation, and changing sociocultural conditions. However , there are

features of various assessment methodologies that , if used , would enhance

the conduct of environmental assessment.
• 11. The Water Resources Council has recognized the need for

planning tools and for  research to increase the ef f ic iency of planning

e f f o r t s .  According to Principles and Standards , “The Council will en—

courage and support needed improvements in the application of the con—

ceptual and theoretical planning and decisionmaking framework upon which

these Princ iples are based” (Water Resources Council 1973).

• Environmental assessment in p lanning
• 12. The overall objective of the Corps ’ planning framework , based

on the legal requirements discussed previously, is to develop plans for

• the conservation , development , and wise management of water and related

land resources. Information must be obtained , of ten from detailed f ield
reconnaissance, before decisions can be made concerning wise resource

management under existing and projected conditions . If the Corps is

to be responsive not only to the letter but to the intent of current

legislative and administrative mandates, it is paramount that environ-

men tal studies become an integral par t of the Corps ’ planning process

and that environmental impact assessments be prepared simultaneously

with and in comparable de tail to engineering and economic studies.

13. The general planning process as outlined in ER 1105—2—200

consists of three p lann ing stages: Stage 1, development of a p lan of

study; Stage 2, in termedia te plans; and Stage 3, de tailed plans; and

four functional planning tasks: (a) problem identification , (b) formu—

lation of alternatives , (c) impac t assessmen t, and (d) evaluation. The

four  p lanning tasks are undertaken during each stage; however , the

12 
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• emphasis on the task varies ( e .g . ,  problem ident i f icat ion is of greatest

-: concern in developing the plan of study , but is of lesser importance in

developing intermediate and detailed p lans) .  Environmental assessment

and evaluation are predominant tasks in Stages 2 and 3.

14. The three planning stages provide for an orderly analysis in

which the development of increasingly detailed data and al ternative plans

is accomplished during each subsequent stage . In the final stage ,

V 
precisely def ined  concepts of resource management that have been devel-

oped into specific detailed plans are presented . This process is shown

in Figure 1.

Purpose and Scope

• 15. The purposes of this study are to

a. Conduct a comprehensive review and evaluation of maj or
impact methodologies, particularly those that have been
developed for  or have potential app lication for  water
resources programs.

b. Develop a flexible assessment methodology , consistent with
NEPA , Princ iples and Standards, and Corps ER’s (Appendix A) ,
that can be used by Corps planners for assessing alterna—
tives and evaluating water resources programs and projects.

16. Additional objectives of this research , to be developed in

future  studies bu t not addressed in this repor t, are to
a. Conduct several field tests using the methodology to

determine overall u t i l i t y  and practicability.

b. Prepare and conduct a training course for water resources
planners relative to the application and implementation of
this methodology .

17. Due to the nature of the problem , the scope of this study is

necessarily general. The report is designed as a guideline for  assessing

impacts and evaluating alternatives in planning tasks (c) and Cd) of the

three p lanning stages . The water resources assessment methodology (WRAM )

provides a framework that will permit a systematic approach to planning
V 

consistent with the requirements of the Principles and Standards and

Corps ’ regulations. It has been developed on the premise that it will

be used a t the operational level for Corps Civil Works projects.

13
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PART I I :  EVALUATION OF EXISTING ENV iRONMENTAL
ASSESSMENT METHODOLOGIES

Types of Methodologies

18. Most methods of environmental impact assessment can be divided

into two major groups: checklist methods and matrIces. Remaining

methodologies can be categorized as ad hoc procedures , overlay me thods,
or network methods.

Checklist methods

19. Checklist methods list variables and potential impacts typi—

cally associated with particular categories of projects. Users of check—

• lists select variables from a master list and evaluate impacts that are

expected to result from a variety of alternatives.

a. Simple checklists include a list of variables and potential
impacts; however , no guidelines are provided on how these
variables and impacts are to be measured or interpreted .

b. Descriptive checklists are more informative in tha t they
include an identification of variables and potential
impac ts and provide guidelines on how these items are to be
measured.

c. Scaling checklists, which are similar to descriptive check-
lists, provide additional techniques necessary to determine
the absolute or relative measures of impacts.

d. Wei~hting—scaling checklists provide techniques for scaling
impacts and assigning relative importance weights to each
variable.

Matrix methods

20. Matrix approaches incorporate a list of project activities in

addition to a checklist of potential impacts. These two lists are re—

lated in a matrix that identifies relationships between activities and

impacts.

a. A simple matrix approach to impact assessment is based on a
two—dimensional checklist of projec t ac tivi ties and potential
environmental impacts.

b. The scaling matrix can be used to indicate magnitude and im—
portance of each impact.

c. The stepped matrix approach can be used to indicate secondary

15
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and interrelated impacts. For examp le , if it can be shown tha t
a project action will impact a specific variable , that variable

V can then be analyzed to document the influence of projec ted
V changes of the variable on other variables being considered.

Th is concept provides a method for identifying cross—impacts
and interactive effects.

Evaluation of Methodologies

21. Many basic frameworks for environmental impact assessment

methodologies have been developed since the enactment of NEPA ; however ,

most were developed to address specific project problems (e.g., Walton

and Lewis 1971 and Arthur D. Little , Inc., 1971 addressed the impac ts of
transportation). Many of these methodologies have been categorized ac-

cording to various characteristics and evaluated against certain reviewer—

specified criteria. The most comprehensive reviews are those conducted

by Drobney and Smith 1973 , Warner and Preston 1974, Jam and Urban 1975,

and Canter 1977.

Selec ting a wa ter resources
p lanning methodol ogy

22. Dur ing this study, an intensive literature review was made by
the U. S. Army Engineer Waterways Experiment Station (WES) study team

to identify existing methodologies and determine if any could directly
serve as an assess ment methodology for water resources projects. Ini-

tially, two general characteristics , (a) previous application to water
resources projects and (b) potential applica tion to wa~~ r resources
projec ts, were established for evaluating 54 environmental impact method-

ologies (Appendix B). A total of 21 methodologies met one or the other

of these characteristics. Secondly, 19 desirable charac ter is tics
(listed in Appendix B) were developed for intermediate screening, by

which 8 of the remain ing 21 methodologies were identif ied as having
sufficient desirable characteristics to warrant further evaluation .

• Finally, seven criteria (listed in paragraph 23) were used for final

V 
screening. These seven are considered essential for a Corps assessment

methodology. Figure 2 illustrates the screening procedure that was

followed.

16
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ENVIRONMENTAL ~~~ FENV IRO~~EN TAL EN V I RO~ME N TAL ~~~~~~~I E NT

IMPACT _.—‘l IMPACT ~ -,.,‘1 IMPACT I ~.-‘1 FEATURES
METHODOLOGIES METHODOLOGIES METHODOLO~~~

j  I
, I
I I

~J L,

NO METHODOLOGY
SATISFIED ALL
7 C R I T E R I A

Figure 2. Screening of environmental
impact assessment methodologies

Final screening criteria

23. The seven final screening criteria are described as follows :

a. Responsive to Principles and Standards. The methodology
should be responsive to the planning concepts and system
of accounts as delineated in Principles and Standards.

b. Comprehensive. The methodology should address the various
impacts of water resources projects and programs on the
physical—chemical, biological , cultural , and socioeconomic
environments. The methodology should encompass all po-
tential beneficial and detrimental impacts. It should also
highlight key issues or allow special emphasis on fac tors
of national, state, or local importance (e.g., threatened
or endangered species , historic landmarks , and archaeolog i—
cal sites) or fac tors  of intense public concern or contro—
versy .

c. Dynamic. The methodology should be dynamic in terms of the
variables considered and the technology used for  impact
identif icat ion, prediction , and assessment. It should be
capable of including additional variables and incorporating
additional measurement and predictive techniques as tech—
nology becomes available.

17
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d. Flexible. The methodology should be responsive to the
vary ing nature , siz e, and scope of Corps Civil Works proj-
ects and programs. Add itionally, it must be functional in
various reg ions throughout the United States. Since the
effectiveness of impact assessment is directly related to
the composite professional judgment of the interdiscip li-
nary team performing the study, it is necessary to use a
methodology that is directed toward incorporation of this
composite approach and judgment.

e. Objective. The methodology should stress objective analyses
of impacts. Baseline conditions should be quantified for
variables considered , and changes in each var iable that
would resul t from implementation of each alternative p lan
and the no—action alternative should be predicted. However ,
lack of measurement techniques and/or pred ictive technolo-
gies for many var iables currently precludes total achieve-
ment of this goal. In fact , measurement and prediction
practi ces generally dictate a combination of objective
analyses and subjective evaluations.

f. Imp lementable. The methodology must be implementable at the
field level and straightforward in approach . It must not
be overly comp lex, or lack descriptions of its application
or interpretation of results. Impact assessmen t must be
able to be accomp lished w ithin manpower , funding, and time
constraints of Corps Districts.

~~~~. Rep licable. The results achieved should be replicable.
The methodology mus t provide a sufficient framework so that
different interdiscip linary teams using the methodology for
the same study will arrive at the same conclusions with
regard to the evaluation of the alternatives examined.

Methodolog ies selected

24. The following eight methodologies were subjected to the final

screen ing:

a. The Battelle Environmental Evaluation System (Dee et al.
1972).

b. The Tulsa District method (U. S. Army Engineer District ,
Tulsa, 1972) .

c. The Multiagency Task Force me thod (Bureau of Reclamation
1972).

d. The Environmental Impact Center method (Environmental
Impact Center , Inc., 1973) .

V e. The Battelle Water Resources Project method (Battelle—
Columbus Laboratories l974a).

18 V
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f .  The Battelle Dredging Assessment method (Battelle—Columbus
Laboratories 1974b).

£• The Lower Mississippi Valley Division method (U. S. Army
Engineer Division, Lower Mississippi Valley , 1976).

t~. The Soil Conservation Service Guide to Environmental
Assessment (Soil Conservation Service 1974).

Salient fea tures
25. None of the eight methodologies entirely satisfied all seven

criteria used in the final screening procedure. However, each method-

ology contained salient features that were considered important for

Corps environmental assessment. These features  included the concepts

of impact weighting and scaling, appropriate impact summarization and

presentation, and extensive lists of variables. Table 1 summarizes the

characteristics and salient features of each of these eight methodolo-

gies. The concepts basic to these features are developed and described

in Part III of this report.
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PART III: ENVIRONMENTAL ASSESSMENT METHODOLOGY

26. In the immediate future , field testing and review comments will

be used to revise the present WEAN framework for potential implementa-

tion as part of the Corps ’ planning process. Even w i t h  implementation ,

WEAN will be evolutionary as field applications , additional reviews , and

improvements in the state of the art of impact modeling, prediction , and

assessment result in appropriate revisions.

Weighting—Scaling Technique

27. Impact assessment includes consideration of the importance of

each impacted variable and the absolute or relative impacts of alterna-

tives on each variable. Weighting involves the assignment of importance

to impacted variables , and scaling includes the approaches used to re—

flect absolute or relative impacts of alternatives. The principles of

the weighting—scaling technique used in this methodology have been

described by Dean and Nishry (1965).

Weightin~
28. An example is presented in the following tabulation to illus-

trate the weighting procedure. Six hypothetical impacted variables are

~~,r~~-~~~~- - 
~~~~~~~~~~~~ ~~~~1g~~~~~~~~~~~~~ 0 ( r t a n o e V~~1C 
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shown along with a dummy variable. The dummy variable , which by defini-

tion has no relative impact , is included to preclude any impacted varia-

ble from being assigned a value of zero (no relative importance). Each

variable in the example is compared with every other variable in order

to determine which of each pair is considered to be the most importan t

for the study area. The variable considered to be more important is

ass igned a value of one , and a value of zero is assigned to the other.
-, If a decision cannot be made regarding relative importance , or if both

variables are considered to be of equal importance , a value of 0.5 is

assigned to each.

29. The columns in the tabulation under the heading “Assignment of

Importance Values” represent the results of the variable—by—variable

V 
comparisons. The assigned values for each variable are summed , and each

sum is divided by the total of all assigned values, 21 , to determine the

relative importance coefficient (RIC). Two checks concerning the ac—

curacy of the mathematical calculations can be made using the totals in

the tabulation : the sum column should total to N (N—l)/2 , where N is

equal to the number of variables considered (including the dummy); and

the RIC column should total to unity.

30. The RIC column in the tabulation shows the ranking of each

variable considered . The dummy variable is zero (no priority) by defini—

tion , and the ordering of the remaining six , from highest to lowest pri-

ority, ~s V2 and V5 , V6 , Vl , V4 , and V3.
Scal ing

31. An examp le of the use of the weighted rankings technique for

impact scaling is shown in Table 2. The impacts of four alternative

plans on Variable X are to be scaled . The predicted impacts as shown

can be described in absolute (quantitative) or relative (qualitative)

terms, with relative values shown for illustration . The procedure in—

volves simply deciding which of two plans at a time would have the most

beneficial impact on Variable X . A value of 1 is assigned to the more

desirable of the pair , and the less desirable is assigned a zero. If

t two p lans have similar impacts , a value of 0.5 is assigned to each. The

columns under the heading “Choi ce Ass ignmen t” represent the results of

— ‘~~~~~~~~~~
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Table 2

Scal ing of Impac ts on V ar i ab l e X u s i ng
~~~~~~~~ Rankings T e c I i n i ~ju i

Problem
The impacts of five alternatives on \ari .4h 1~ X l I . IV ( -  ~~t s I  p r~ d i t~

to be as follows :

Alternative Predicted Impac t

No Action Beneficial

Plan A Benef icial
• Plan B Most beneficial

V Plan C De trimental
Plan D Most detrimental

Determine scaled values using weighted rankings techniqu ~- .

Solution

i- -I 
_______________________ __________________________________________________________________________ _________

Choice
Alternative _______Choice Assign me nt ~~~~~~~J~~~ta1 AC (

No Action 0.5 0 1 1 2.5 0 . 2 5

A 0.5 0 1 1 2 . 5  0 . 2 5

B 1 1 1 1 ] 4
C 0 0~~ 0 1 1 0.10

_ _ _ _  I 
0 J ~~~~~~~~~~~O~~~~~~~~~~~

Total 10 [1.00

.4
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the step—by—step pairwise comparisons. Plan B, with an alternative

choice &-~ € - ff icient (ACC) of 0.4, would be the most beneficial alterna-

t ive considering the potential impacts on Variable X.

32. Impact scaling can also be accomplished either through the use

s t  f u n c t i o n a l  curv L - s or the  use of a linear scaling technique. These two

V techniques will be sub equently discussed as a part of the assessment

(f l e t  hodology -

Disp I~~.- o f  results

33. The results of the weighting—scaling techni que are disp layed in

O a final coefficient matrix. An examp le of the final coefficient matrix

listing the RIC ’s for five variables and ACC ’s for four alternatives is

shown in the following tabulation . The final coefficient matrix

Final
- Coefficient M atri x

ACC of Alternati ve 
____ ~~~~ ‘~~~ L ____

~Variable RIC A B C D A B C D

VI 0.20 0.25 0.25 0.40 0.10 0.05 0.05 0.08 0.02
• V2 0.40 0.33 0.00 0.17 0.50 0.13 0.30 0.07 0.20

V3 0.10 0.30 0.30 0.20 0.20 0.03 0.03 0.02 0.02
V4 0.20 0.30 0.30 0.30 0.10 0.06 0.06 0.06 0.02
VS 0.10 0.50 0.17 0.33 0.00 0.05 0.02 0.03 0.00

Total  0 .32  0.16 0 . 2 6  0 .26

represents a display of the products of RIC ’s and ACC ’s of each alterna—

tive for each variable under consideration . Summation of the individual

values as shown in the final coefficient matrix leads to the identifica-

tion of the most beneficial alternative , in the example shown in the

tabulation , Alternative A would be the most desirable , and Alternative C

or 0 would be the second choice. Alternative A has a value of 0.32, and

Al ternatives C and 0 each have a value of 0.26.

34 The p r inc ip les of t he  weig h t i n g — s c a l i n g  techn ique as described

in paragraphs 28—33 are used in the var ious steps of WRAN described in

the following section .

I
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Components of WRAM

V 35. Fi gure 3 illustrates the basic components of WRAM , and Table 3
lists specific steps associated with each component. WRA~1 should be

ASSEMBLE INTERD ISC IPLINARY TEAM. 1I I• I I  
_ _ _ _ _ _ _ _ _ _ _ _ _

I IDENTIFY ASSESSMENT VARIABLES ,

i L_ SEL ECT THOSE TO BE EVALUATED ,
AND AGGREGATE BASELiNE

INFORMAT ION ON EACH. I

PREDICT CHANGES AND ASSESS

L — — 
POTENTIAL IMPACTS ON SELECTED 

— J
VARIABLES AND EVALUATE
ALT ERNATIVES.

DOCUMENT RESULTS OF ASSESSMENT.

POSSIBLE IT ERATIONS

Figure 3. Components of assessment methodology

used by following the individual steps associated with each component

in the order presented in Table 3. Several iterations of these steps

will generally be required dur ing each p lanning stage. The dashed lines

in Figure 3 illustrate possible iterations .

36. VRAM is not a panacea for identif ying, predicting, assess—

ing,  and evaluating the impacts of alternative water resources develop—

ment plans . It is currently impossible to develop a detailed method—

ology that will meet the unique needs for every study in every geographic

location within the jurisdiction of the Corps of Engineers. VRAM ,

as is true for all other methodologies , is not a substitute for the

professional judgment of decisionmakers , nor is it intended to be

26
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Table 3

~~~ponents of WRAN

I. Int erdisciplinary Team

A. Selection
1. Select members of interdisci plinary team .
2. Designate team leader.

B. Review and Familiarization

• I. Review study area history.
2. ~‘:sit study area.

I I .  Assessment Variables

A. Selec tion
1. Assemb le list of mandatory * or critical** variables for each of the four

national accounts (EQ, NED , SWB , and RD).t
2. Use criteria questions or weighting portion of weighted rankings technique ,

10 along with professional judgment , to select additional relevant variables .
3. Identify any resulting interactive or cross—impact variables or categories.

B. Environmental Inventory
1. Assemble extant baseline data for selected variables .
2. Identify variables with data deficiencies .
3. Use weighted rankings technique and other criteria to allocate manpower and

funding resources to data collection effort.
4. Conduct field studies or assemble information on data—deficient input

variables.

III. Impact Prediction , Assessment , and Evaluation

A . Pred iction and Delineation
V 

1. Predic t changes in each variable for each alternative plan and the no—
action alternative using available techniques and/or professional
judgment.

2. Delineate potential impacts of alternatives .
3. Highlight significant impacts and “red flag” any critical issues .

~~~. We igh ting and Scal ing
1. Use weighted rankings technique to determine relative importance

coefficients (RIC) for each variable .
2. Scale predicted impacts through development of alternative choice coeffi-

cients (ACC) or use of function graphs or linear scaling .
C. Evaluation and Interpretation of Results

1. Multiply RI C ’s by ACC ’s to obtain final coefficient matrix. Sum coeffi-
cient values for each alternative .

2. Use values in final coefficient matrix as basis for description of
impacts of alternatives and trade—offs between alternatives.

3. Discuss any cr itical issues and predicted impacts.

LV. Documentation of Results

A . Ra ti onale
1. Describe rationale for selection of decision variables.
2. Describe procedure for impact identification and prediction , and ration—

ale for weighting, sca l ing ,  and interpreting results.
8. Refer encing of Sour ces of In f orma t ion
C. Decision on Environmental Impact Statement

* Mandatory = variables required by legislat ion or regulations.

** Critica l variables that are not mandatory but usually impacted by water resources
projects.

t EQ Environmen tal Quality
NED N at iona l Econ omic Developmen t
SWB Social Well—Being
RD Regional Development

~~~~~ 
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the only decisionmaking tool; however , WRAM can aid the decisionmaking

process by provid ing a systematic framework fo r  an interdisciplinary as—

0 sessment of the impacts of water resources management alternatives. Al-

though VRAM is presen ted primarily for use by the Corps in i,ts wa ter
resources management program , i t  does have general applicability to other

resource managemen t agencies and programs .

In terd isc ip linary team
37. Effective implementation of WRAN requires an interdisciplinary

team approach. As a minimum , the team should include representatives

front the disciplines of ecology , economics , engineering , and sociologyl
anthropology . District specialists representing the required disciplines

include euvironmental planners , biologists , economists, engineers, sod —

ologists , and outdoor recreation planners. If specialists from each

discipline are not available from Distric t staffs , qualified representa—

tives from coordinating agencies , local colleges or universities, private

consultants , or the interested public could be used as team participants.

It is advisable that each team member be sensitive to the other disci—

plines involved and supportive of the interdiscip linary approach to
impact assessment.

38. One member of the interdisciplinary team should be designated

as team leader with the overall responsibility for planning and coor-

dinating the specific environmental assessment study and documenting

the findings. The team leader should have practical knowledge of impac t
assessment , sensitivity to the questions and approaches of other disci-

plines , and management and leadership capabilities.

39. All team members should be familiar with VRAM , Principles and

Standards , CEQ guidelines , Corps planning regulat ions , and a var iety of
legislative and agency guidelines that es tablish the requirements for

planning efforts. Effective planning also requires familiarity with the

environmental conditions and public preferences within the study area .

} Accordingly , periodic trips by members of the interdisciplinary team to

ç establish sensi t ivi ty to the study area are required to develop and

maintain an understanding of changing conditions and preferences.

40. It is recognized that the composition and leadership of the

28
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interdiscip linary team may change over the mu l t i ple stages in project

• planning . Add itions to or changes in team membership should be con-

sidered as more detailed inves tigations and plans result in identifica—

tion of critical problem areas outs ide the exper t ise of ex ist ing team
members. Although partic ipation by personnel from all of the disciplines
involved in the planning effor t will be included in the assessmen t

process , continuous participation of all team members is not required

throughout each planning stage. Therefore , the dynamic nature of the
team and the work eff orts make it imperative that de tailed rec ords and
documentation be kept throughout the planning effort.

Assessment variables

41. Selection. No single “best ” list of important  assessment

var iables can be developed tha t would be app licable to all water re—

sources development studies. A general categorization that can provide

direction to the planning effort in identifying and describing environ-

mental characteristics and conditions is presented in this section .

Add itional discussion on the selection of assessment variables is pre—

sen ted in Append ix C . Pr inc iples and Standards requires that signif i—

cant impacts of a proposed action on the environment be measured and the

results displayed , or accounted for, in terms of contribut ions to four
accounts: National Economic Development (NED), Environmental Quality

(EQ) , Social Well—Being (SWB), and Regional Development (RD). In re-

sponse to these requirements , VRAM provides for the grouping of variables
associated with each account. The impacts on each account are then in-

dependen t ly pred ic ted , assessed , and evaluated. This procedure enables

the relative impacts of alternatives on individual accounts and signifi-

cant trade—off s between accounts to be identified and displayed .

42. The four accounts and their major categories to be considered

for all water resources projects are shown in Table 4. Critical van —

ables for Corps water resources planning app lications are presented
r

for each of the four accounts in Tables 5—8. Critical variables are
4

those (a) spe cifically identified for coverage by Corps regula tions

and/or (b) always impac ted by water resources projects. Appendix C

presents pertinent information on some critical variables , including

29
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• Table 4

Four Accounts for Water Resources Project Plannin~

National Economic Environmental Social Reg ional
Developmen t 

— 
Quality Well—being Developmen t

Projec t Efficiency Terrestrial Real Income Dis— Income Effects
(maximize net eco— tribution
nomic benefits) Aquatic Life , Heal th , and Employmen t

Safety
Air Educa t ional , Cultural , Pop u la ti on Dis t r i b u t ion

and Recreational Economic base and Stahili—
-A Human Inter— Opportunities ty

face  Emergency Prepared— Environmental Effects of
ness Regional  Conce rn

Demographic Char— Regional Effec ts on Edu—
ac teris tics ca t ion , Cul ture , and Rec—

• Commt~nity Organiza— reation Oppor tuni ties
tion

Other

Table 5
Cri tical Variables Associated with NED Account*

1. Beneficial
A. Increased output

1. Flood control
2. Water supply (municipal and industrial)
3. I r r igation
4. Recreation
5. Navigation
6. Water quality

t 7. Power
8. Fisheries produc tion

- , 9. Other
B. External economies

4 C. Value of output from unemployed or underemployed resources

II. Adverse
A. Value of construction and operation and maintenance
B. External diseconomies

* All categories to be measured in dollars. No weighting of individual categories
should be employed.
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Table 6
Critical Variables Associated with EQ Accoun t

Terrestrial

I. Habitat/Land Uses
A. Habi tat type (Example: upland forest)

1. Habitat Subtype (Example: pine forest)
(a) Quantity
(b) Quality

2. Habitat subtype

V 
B. Habitat type

II. Land Quality/Soil Erosion

III. Critical Community Relationships

IV. Threatened and/or Endangered Species

V. Pests

Aquatic

I. Habitat
A. Habitat type A

1. Habitat subtype Al
(a) Quantity
(b) Quality

2. Habitat subtype A2

B. Habitat type B

II. Water Quality
A. Physical

B. Chemical

C. Bacteriological

III. Water Quantity

IV . Critical Community Relationships

V . Threatened and/or Endangered Species

VI. Pests

I. Quality
A. Gases

t B. Particulates

II. Clima tology

Human Interface

I. Esthetic

ii. Historical

III. Archeological

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Table 7

Critical Variables Associated with St-lB Account

I. Real Income Distribution
A. Income generated
B. Contributions

IL . Life , Health , and Safe ty
A. Risk
B. Pathogens
C. Noxious effects

Ill. Educational , Cultural , and Recreational Opportunities
A. Amenities
B. Opportunities

IV . Emergency Preparedness
A. Resources
B. Spatial distribution

V. Demographic Charac teristics
A. Population
B. Vital rates (migration)

VI. Community Organiza t ion
A. Cohesion
B. Employment mix
C. Displacemen t

VII . Noise

VIII. Esthetic Values

Table 8

Cri t ical Var iab les  Associa ted wi th RD Account

I. Income Effec ts
A. Value of outputs
B. Value of underemp loyed or unemp loyed reso urc es
C. User payments
D. Increases from induced or stemming activities
E. Increases from construction and operation and maintenance activities
F. Losses from displaced regional activities
G. Losses of assistance and welfare
H. Indirect increases in public expenditures

II. Emp loymen t
A. Long-term
B. Short—term

(II. Population Distribution
A. Total population
B. Composi tion

LV . Economic Base and Stability

V. Environmental Effects of Regional Concern 
V

VI. Regiona l Effec ts on Education , Cul tu r a l , and Recrea t ional Opp or tuni t i es

_ _ _ _ _ _  $ 
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indicators and elaboration of their meaning and measurement. The lists

of variables in Tables 5—8 and Appendix C are evolutionary and subject

to continuous updating based on subsequen t legislation and/or regulations ,

experience , and the development of additional impact prediction and as—

sessment techniques.

43. Critical variables should be addressed in every stage in the

planning process , even if only to indicate that they are not impacted .

It should be noted that these variables are subject to change as a re-

sult of new legislation , regulations , and expanding knowledge of the im-

pacts of water resources projects. Selection of the noncritical varia—

bles for use in an assessment should involve consideration of the

totality of the anticipated impacts. Such variables should be selected

based on the composite professional judgment of the interdisciplinary

team and the input of others who are knowledgeable and concerned about

resourCes , amenities , and problems of the area .

44. There are no specific guidelines regarding the number or type

of noncritical variables that must be addressed in an impact assessment.

However , several questions can be used to aid in selecting these varia-

bles:

a. Will any of the alternatives have an impact on the variable?

b. Will the variable exert an influence on construction
scheduling or subsequent operation of any alternative? 

V

c. Is the variable a matter of significant public concern or
controversy ?

d. Do certain cumulative—type impacts mandate inclusion of the
var iable?

45. The weighting portion of the weighted rankings technique can

also be used by the interdisciplinary team to identify noncritical
variables for inclusion in the analysis. A list of potential noncritical

variables is prepared and subjected to the weighting procedure as de-

scribed in paragraph 28. The interdiscip linary team then compares each

variable with every other variable and assigns values.

46. The dec ision as to which variable is more important in each

pairwise comparison should be based on the collective professional

judgment of the interdisciplinary team . Information gained through

33
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publ ic par ticipa tion and coord ination wi th other agenc ies shou ld be a
major input into the decision process , par ticularly in determin ing
relevant variables for the study area. Interactive or cross—impact

var iables can also be considered . Several iterations through the pair—

wise comparisons may be necessary to ensure consistency in the rationale

used in this app lication procedure. Documentation of the rationale for

each de ci sion will be benefic ial as the study progresses and evolves.
Following the development of the RIC ’s, the interdisciplinary team could

choose to include only the high—priority variables in the study , or they

cou ld include all  listed ones with less emphasis given to the low—priority

var iables.

47. Env ironmental inventory. Compiling baseline informa tion on
assessment variables is necessary to form a basis for impact assessment .

Sufficient information is required to provide decisionmakers and re-

viewers an understanding of planning needs , pertinent area character-
istics , and relevant variables for consideration in plan formulation and

later impact assessment and evaluation. 
V

48. During the plan—of—stud y stage (Stage 1) of the planning

process , assembl ing basel ine inf ormation should enable a gross appra isal

of the study area . It is anticipated that both the number of variables

and the baseline information assembled would increase as progression is

made through Stages 2 and 3. The weighting portion of the weighted

rankings technique could be used during each stage to assist in determin-

ing which variables should be added or deleted .

49. Dur ing each stage of the planning process , it is necessary to

identif y data deficiencies and determine if a data—gathering program

needs to be initiated to establish or refine baseline information . The

weigh ting por tion of the we igh ted rankings techn ique can also be used
to al locate limited manpower and monetary resources to those variables

fo r  which data should be collected . An examp le of using the technique

for this purpose is presented in Table 9. In the case i l lus t ra ted  in

Table 9 , Q dollars are available for baseline studies and are to be
allocated to five variables . As was the case for the example in

paragraph 28 , a dummy variable (V6) is included to preclude the f inal  
V
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assignment of an RIC of zero to any variable. As was done in the example

in pa ragraph 28 , pairwise comparisons are used to determine the RIC ’s.

The RI C  values , when multiplied by Q dollars , would yield a possible ;-il—

location of monetary resources to baseline studies for variables Vl—V5 ,
-
~~~ if data—collection costs are comparable. For example , Vi would be al—

located 0.20 Q dollars , V2 would be allocated 0.33 Q dollars , and so on. C

50. Table 9 also illustrates how relative data—collection costs

can be incorporated into the monetary allocation process. A column is

included to show relative costs for baseline studies for each variable.

In this example , baseline studies for V3 would be the most expensive ,

while those for Vi and V5 would be the least expensive. Multip ly ing

these relative costs by the RIC’s and proportioning the results yields

cost—weighted RIC values. If these cost—we ighted RIC ’s are multiplied

by Q dollars , another possible allocation of monetary resources is ob-

tained. If this calculation is performed , Vl would be allocated 0.11 Q

dollars , V2 would be allocated 0.36 Q dollars , and so on. Again ,

documentation of all rationale will be useful as the study progresses

and evolves.

51. The allocations as determined by cost—weighted RIC ’s could be

modified by considering interrelationships among variables and timing of

• data—collection efforts. Although this approach requires additional

professional judgment , systematic use of the weighting portion of the

weighted rankings technique provides the interdisciplinary team and the

study management staff an analytical framework for allocating limited

resources .

Impact prediction , assess—
ment, and evaluation

52. WRAN includes prediction and assessment of the changes of

each alternative on each variable , and assessment of the implications

of these predicted impacts. Assessment involves importance weighting

of variables and scaling of impacts. Evaluation includes multiplication

of scaled values by KIC ’s for each variable , and aggregation and pro—

fessional interpretation of the results. Both objective and subjective

activities are involved in impact prediction , assessmen t , and evaluation .

36
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53. Prediction and delineation. Impac t matrices and networks are

useful for identif ying and d ispl ay ing potential impacts of alternatives .

Quaiit~it ive descriptions of impacts have been prepared for reservoirs

(Battelle—Columbus Laboratories l974a, U. S. Environmental Protection

Agency l976a) , channelization projects (U. S. Environmental Protection
Agency l976b), and dred ged material disposal (Battelle—Columbus Labora—

-‘ tories l974b). Defining interrelationships among impac ted var iables is
presently very difficult. In addition , precise delineations of second-

ary impacts are generally not available.

54. The most difficult task associated with impact assessment is

the prediction of impact magnitude. Prediction in this context is the

attempt to quantify the changes that will occur in variables. Prediction

involves use of currently available predictive models (physical and

mathematical) and the professional judgment of the interdisciplinary

team. Quantitative predictive techniques are available for some varia—
V 

bles . For example, the impact prediction techniques described in the

Battelle Water Resources Projects method (Battelle-Columbus Laboratory

l974a) and the Battelle Dredging Impact Assessment method (Battelle-

Columbus Laboratories l974b) are primarily related to quantif ying changes

in various physical , chemical, and bac teriological var iables of water
quality . For variables that have no scientifically based predictive

techniques , the exerc ise of sound profes sional judgment by the inter-

disciplinary team is critical for impact prediction . Developmen t of

additional predictive techniques is considered to be beyond the scope of

V this study.

55. Regardless of whether objective prediction techniques or sub—

jective judgments are used to predict impacts , the interdisciplinary

team must be cognizant of the accuracy of the results. Predictions of

j impacts will always have risk and uncertainty , and the interdisciplinary

team must consider these in all eventual trade—off analyses.

56. Other considerati -~is in impact delineation are relate J to

type of eff ec t , location , t iming, durat ion, probability, and reversi—

b ility. These are defined as follows :

~i . Type of effect. Type I effects are direct , unavoidable

37
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-. consequences of alternative plans and the no—action alterna-

tive. Lype II impacts are consequences directly related to
the intended output of alternative plans. Type III impac ts
include related induced consequences (ER 1105—2—440).

b. Location. The location is the area expected to be affected
by the plan, whe ther within the planning area , the remainder
of the study area , a larger area affec ted by the p lan , or
the rest of the Nation.

c. Timin&. The timing is the period during which the impac t
is expected to occur.

d. Duration. The duration is the length of time the impact
will affect the location. Short duration is 1—10 yr , while
long duration is 10 yr and beyond .

e. Probability. Probability is a numer ical express ion, not
necessarily ma thema tically computed , that represents
technical knowledge and professional judgment as to the
likelihood of occurrence.

f. Reversibility. The impact is irreversible or reversible.

57. Weighting and scaling. Two requirements must be met before an
impact assessment can be completed . First , RIC ’s must be assigned to

each assessment variable used; secondly, the impacts of the alternatives
on each variable must be scaled.

58. The weighting portion of the weighted rankings technique is

used in t’IRAM for the purpose of assigning importance weights to varia-

bles. An examp le of the assignment of RIC’s was presented in para—

graph 28. The number of assessment variables will probably change during
the planning process as increased information becomes available and as

new plans are formulated. For example , the number of variables used in
Stage 1 will most likely be fewer than the number used in Stages 2 and 3.

In addition, the quantity and quality of baseline data and predicted
changes will be refined during the planning process. Accordingly , it

may be necessary to adjust the RIC ’s for assessment variables during the

planning process.

59. In order to assign importance weights through use of the

weig hted rankings technique, it is necessary to make the initial al—
location among the broad categories w i t h i n  a g iven account ;  for  example ,

among the terrestrial, aquatic , air , and human interface categories

within the EQ account . A second allocation would be made to the

38
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subcategories within each category , for example, between air quality and

climatology in the air category . Additional allocations would be to

V individual variables .

60. Impact  scaling can be accomplished by one of three approaches:
(1) use of the scaling portion of weighted rankings technique (presented

in Table 2); (2) use of functional curves and proportioning of resulting

scaled impacts; and (3) use of linear scaling and proportioning of re—

suiting scaled impacts. An example presented in Appendix D illustrates

the mechanics of scaling and weighting.

61. Figure 4 illustrates the use of functional curves for scaling.

The range of potential values (a to b) ior the Variable M is shown on the

X—axis. The Y—axis values range from 0, which is representative of the

p
—

0 _ C l  ~~~~~~~——— ~~~~~~ 
— ———— —— ——

x
Lii
0
z

>V
4— — —0.7

:0
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0 .4 ~ — I

I I
0 3  .*~~~~~~ —— I I
0.2 • .

~ 
( I

C 
i ~ I I

o _ _ _ _ _ _ _ _  i ( I I

~ C l  h-o U .? h- , O. 3(b-o ) U S  OV C ih- i  b

V A L U E  OF V A R I A B L E , M

Figure 4. Concept of scaling
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least desirable quality, to 1 , which is r e p r e s e n t a t i v e  of the most de—

sirable quality. The functiona l relationship dep icted between a varia—

ble and the quality index is based on technical evidence and/or the col—

lective professional judgment of the interdisci pl inary team . Functional

curves such as the one shown in Figure 4 wou ld be used to determine the
qual i ty  index fo r  the current  condit ions of the var iable  and predicted

conditions r e su l t ing  from the a l t e rna t ives .  For examp le , fo r  the values

of the variable shown in Figure 4, the qua l i ty  index fo r  each alterna—

tive is illustrated in the following tabulation .

Condition or Variable Quality
Alterna tive Measurement Index Proportioning ACC*

• Baseline 0.3 (b—a) 0.4 —— ——
No action 0.2 0.3 0.3/2.5 0.12

r 

A 0.7 0.9 0.9/2.5 0.36

B 0.3 0.4 0.4/2.5 0.16

C 0.5 0.7 0.7/2.5 0.28

D 0.1 0.2 0.2/2.5 0.08

Total 2.5** 1.00

* To maintain comparability, ACC values must sum to unity.

** Excludes baseline condition .

62. The straight line in Figure 4 represents a straight—line
V 

functional relationship . Functional relationships can be represented by

continuous functions (Figure 5a), discontinuous or step func tions
(Figure Sb), threshold func tions (Figure Sc), or op timum area curves

4 (Figure Sd). Examples of functional relationships for several assess—

ment variables are also shown in Appendix C. A few functional relation—

ships shown in Appendix C can be used directly . However , most will re—

qu ire modif ica t ion by the interdisc iplinary team to reflect regional or

area differences . Documentation of the rationale for any changes should

be developed during the planning process. If variables are used for

which no func tion graphs exist , the interdisciplinary team can develop
function graphs through use of laboratory or field testing , literature

40
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• VALUE OF VARIABLE VALUE OF VARIABLE

~. CONTINUOUS FUNCTION b. DISCONTINUOUS FUNCTION
OR STEP FUNCTION

p

_ _ _ _ _ _ _ _ _  

1 .0

VALUE OF VARIABLE VALUE OF VARIABLE

c. TH RESHOLD FUNCTION d. OPTIMUM AREA CURVE

Figure 5. Illustration of types of functional relationships
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a

reviews , and professional judgment.

63. Another technique of scaling the impacts of alternatives on a

variable is to use linear scaling between the largest  and smallest im-

pacts. An example using this technique is shown in the following tabula—

- ;  t ion . Quan t i t a t ive  informat ion on impacts is necessary for  l inear

scaling . In the tabulat ion , the impacts are scaled by p r o p o r t i o n i n g  be—

tweet. the most beneficial alternative (Plan A) and the most detrimental

one (Plan C ) .

Variable
Alternative Measurement* Assignment of Index Value** Propor tioning ACC-t-

No action —1000 [—1000 — (—3000)1/8000 0.25 0-25/1.63 0.16

A +5000 [5000 — (—3000) 1 /8000 1.00 1.00/1.63 0.61

B No change (0 — (—3000)1/8000 = 0.38 0.38/1.63 0.23

C —3000 [—3000 — (3000)1/8000 = 0.00 0.00/1.63 0.00

Total 1.63 1.00

* For examp le , predicted change in acres of desirable habitat.
- Variable Measurement — Minimum Variable Measurement** Assignment of Index Values = -Range between Max and Mm Variable Measurements

1 To maintain compatibility, ACC values must sun to unity.

64. Evaluation and interpretation of results. The final WRAN

activity in weighting and scaling involves the development of a final

coefficient matrix . The features of this matrix were described in

paragraph 33. It should be noted that even though this methodology in—

volves the use of a numerical system for both weighting and scaling ,

there is no intrinsic passing or failing score. The numerical informa-

tion in the final coefficient matrix must be subjected to professiona l

analysis and interpretation by the interdisciplinary team .

65. It is also possible to use the weighted rankings technique

for comparative evaluation of the four major accounts. This would in—

volve assigning importance weights (RIC ’s) to the four accounts and

scaling each alternative relative to each of the accounts. An example

using the weighted rankings technique is presented in Tables 10—12.

Table 10 shows RIC ’s for the alternatives relative to the EQ, NED , SWB ,

4 2
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and RD accounts. Table 11 shows impact information for the four major

accounts. These values were developed based on consideration of the EQ

and NED accounts as having equal importance , and the SWB and RD accounts

as having equal importance but  less than the EQ or NED accounts .

- Table 12 pr esents the ACC ’s for each account derived from the information

V in Table 11 using weighted rankings (the ACC ’s could also be der ived by
linear propor tioning of the scores from each accoun t ’s final coeff icient

matrix). The following is the final coefficient matrix based on

Tables 10—12 . In this example , the no—act ion  a l te rnat ive  is the most

desirable alterna tive , followed by Plan C.

-
, Final Coeff icient Matrix

ACC of Pl an 
_ _ _ _ _  

of Plan,JIC X ACC
- No No
I Account RIC Action A B C Action A B C

EQ 0.35 0.50 0.00 0.33 0.17 0.18 0.00 0.11 0.06
NED 0.35 0.33 0.50 0.00 0.17 0.11 0.18 0.00 0.06

4- _ SWB 0.15 0.17 0.33 0.00 0.50 0.02 0.05 0.00 0.08
RD 0.15 0.33 0.00 0.17 0.50 0.05 0.00 0.02 0.08

Total 0.36 0.23 0.13 0.28

1 
Documentation of results

66. The final component in WRAN is documentation of the analysis.

Documentation involves describing the rationale used to select the

variables cons i L i e r t V I in the three p lanning stages , identify and predict

impacts , and assign importance weights to variables and scale impacts.

This documentation also needs to address limitations in the process as

well as the uncertainties associated with impact prediction . It is

important to specify the scaling technique used for each variable ,

par ticularly if an ex is t ing functional curve is modified or a new re—

lationship developed.

— 67. Documentation of the analysis should include proper refer— V

enc ing . Lack of referencing may form the basis for criticisms of an

analys is that has been acc omplished . In conjunc tion with referencing ,

it may be des irable to identif y general references and speci f ic sources
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Table 10
RIC ’s for  Four Accounts*

Ac count Ass~~~~ient ofj~portance — 
Sum _RIC 

—

EQ 0.5 1 1 1 3.5 0.35

NED 0.5 1 1 1 3.5 0.35

SWB 0 0 0.5 1 1.5 0.15

RD 0 0 - 0.5 1 1.5 0.15

Dummy 0 0 0 0 0 0

Total 10 1.00 V

* The values developed were based on the WES team ’s interpre tation of
philosophy of Principles and Standards; i.e., considering EQ and NED
of equal importance , and SWB and RD of equal importance but less V

important than EQ or NED .

Table 11
Impact Information for Comparison

of Alternatives V

Al ternative

Account No Action Plan A Plan B Plan C

V EQ Most Most Beneficial Adverse
beneficial adverse

NED Beneficial Most Most Adverse
beneficial adverse

SWB Adverse Beneficial Most Most
adverse benef icial

RD Benef ic ia l  Most Adverse Most
a adverse benef ic ia l

-V _ _ _  _ _ _  _ _ _  _ _ _
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Table 12
ACC ’s f or Four Accoun ts

Account Alternative Assi~ nmen t of Value Sum ACC

EQ No Action 1 1 1 3 0.50
V A 0 0 0 0 0.00

B 0 1 1 2 0.33
C 0 1 0 1 0.17

Total 6 1.00

NED No Action 0 1 1 2 0.33
A 1 1 1 3 0.50
B 0 0 0 0 0.00
C 0 0 1 1 0.17

To tal 6 1.00

SWB No Action 0 1 0 1 0.17
A 1 1 0 2 0.33
B 0 0 0 0 0.00
C 1 1 1 3 0.50

V Total 6 1.00

RD ~o Action 1 1 0 2 0.33
A 0 0 0 0 0.00

V B 0 1 0 1 0.17
C 1 1 1 3 0.50

Total 6 1.00

I
45

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —
I’

of information. Detailed information should appropriately be included

in appendixes along with specific impact calculations , wi th only summary
tables included in the text .

68. An important use of the documentation of the analysis is the

determination of whether an environmental impact statement is required ,

as well as to supply information for potential use in other documents

that may be associated with the study (e.g., environmental assessment

repor t , survey repor t , and general design memorandum).
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PART IV: CONCLUSIONS AND RECOMMENDATIONS

Conclusions

69. A review of 54 impact assessment methodologies revealed that

none are su f f ici ently comprehensive for or directly app licable to Corps

water resources projects and programs. However, salient features con-

tained in eight of the methodologies were considered pertinent for in—

clusion in WRAN. The concep t of weighting impac ted var iables and scaling

the impacts of alternatives is particularly appropria te since a major

d ifficulty in assessment is an inability to evaluate impacts on a

comparable basis. Through the use of weighting and scaling (weigh ted
ranking technique) , an interdisciplinary team cognizant of the study area

needs , planning objectives , and publ ic preferences can assess var iables
and evaluate alternatives on a comparable basis.

70. Limitations in the state of the art of impact assessment are

reflec ted in WRAN. Primary limitations include identification of inter-

relat ionships be tween env ironmen tal var iables , del inea tion of secondary
and tertiary effects , and prediction of impact magnitude. Additional

research on the development of functional graphs and on techn iques for

pred icting changes in variables and impacts of alternatives is required .

The dynamic character of WRAN will allow the incorporation of new infor-

mat ion and technology as it becomes available. Considerable research

and development will be required to develop predictive models for vari-

ables that must be considered in impact assessment and more specific

techniques tha t address second ary ,  ter tiary , and cumulative impacts.

These areas will be inves ti gated in resear ch stud ies to be conduc ted

over the next four years.

71. in contrast to the limitations described above , WRAM has the

f ollowing advan tages :
i. Addr esses the requ iremen ts of Princ ip les and Standards to

cons ider two na tional objec tives , NED and EQ, and to dis— V
p lay benef ic ial and adverse e f f e c ts of each plan rela tive
to four accounts , i.e., NED , EQ, RD , and SWB.
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h. Provides a framework that assists the dc-ci siouma king re—
ct~ss based on p r o f e s s i o n a l  jud gment  suppL )rti- d by ~IV ~ 1 i lab  Ic
data , r e c o g n i z i n g  t h a t  d e c i s i o n s  C VU ~~~ t often h m~ i wi th i ut
comp le te  i n f o r m a t i on .

C. Incorporates an int c-rd iscipl inarv approach or the identi-
fication , assessmen t, and i-valuation process.

d. Provides a framework for screening variables , id en ti fv in ~’
data needs , and allocating limited p lanninc , resources.

~~~. Allows for various levels of detail to be used and deci-
sions made , during the stages in the planning process.

Recommendations

72. Because this is an interir report , the purpose of the recoin—

dations is to identify the following research areas that require further

development , testing, and evaluation :

a. WRAN should be field tested on several types of water
resources projects.

b. A statistical package for testing the significance of the
differences between the weighted—scaled values for alterna-
tives should be developed.

c .  A c omputer  program fo r  use of the weighted  rankings  tech-
nique should be developed.

d. A training course based on WRAM should be presented to
District personnel prior to their use of RRAN .
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Statutes

1. Fish and Wildlife Coordination Act of 1958 (Pub. L. 85—624),
as amended (16 U.S.C. 661 et seq.), 12 August 1958.

2. Clean Air Act of 1963 (Pub. L. 88—206), as amended (42 U.S.C.
1857 et seq.), June 1974.

3. Wild and Scenic Rivers Acts of 1968 (Pub. L. 90—542), 2 October
1968.

4. Federa l Water Project Recreation Act of 1965 (Pub. L. 89—72),
as amended (16 U.S.C. 668aa—668ee), 9 July 1965.

5. National Environmental Policy Act of 1969 (Pub. L. 91—190,
83 Stat. 852, 42 U.S.C. 4221 et seq.), 1 January  1970 , referred
to as NEPA.

6. Sections 122 and 209, River and Harbor and Flood C o n t r o l  A c t  of
1970 , Public Law 91—611 (84 Stat. 1818), 31 December 1970.

7. Sections 402 and 404, Federal Water Pollution Control Act Amend—
ments of 1972 , Public Law 92—500 (66 Stat. 816), 18 October 1972.

8. Section 103, Marine Protection , Research , and Sanctuaries Act of
1972 , Public Law 92—532 (86 Stat. 1052), 23 October 1972.

9. Title III — Management of the Coastal Zone, Public Law 92—583
(86 Stat. 1280), 27 October 1972.

10. Endangered Species Act of 1973, Public Law 93—205 (87 Stat. 884),
28 December 1973.

11. Sections 1 and 73, Water Resources Development Act of 1974, Public
Law 93—251 (88 Stat. 12), 7 March 1974.

12. Preservation of Historic and Archeolog ical Data , Public Law 93—291
(88 Stat. 174), Reservo ir Salvage Act of 1960 , amending Public Law
86—523 (74 Stat. 220), 24 May 1974.

Executive Guidelines

1. Executive Order 11514, Protection and Enhancement of Environ—
mental Quality, 5 March 1970 (35 F.R. 4247, 7 March 1970).

2. Guidelines for Statements on Proposed Federal Actions Affectin g
the Environment , Council on Environmental Quality (CEQ), 1 August
1973 (38 F.R. 20550).

3. Water and Related Land Resources; Establishment of Principles and
Standards for Planning , Wa ter Resources Council (W RC), 10 September
1973 (38 F.R. 24778 to 24869).
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Corps of Eng ineers Regulations

1. ER 1165-2—2 , Consideration of Aesthetic Values in Water Resource
-~~ Development , Ch ange 1, 6 March 1967.

- 2. ER 11 65—2—116 , Pollution Control at Civil Works Projects,
28 February 1968.

V 
~~. ER 1165—2—400 , Recreation Planning, Development and Management

-
. Policies , 3 August 1970.

- 4. ER 1165—2—500, Environmental Guidelines for the Civil Works
Program of the Corps of Eng ineers , 30 November 1970.

V 
5. ER 1130—2—400, RecreatioL.—Resource Management of Civil Works Water

Resource Projects, Changes I through 3, 28 May 1971.
V 

6. ER 1105—2—11 , Preservation, Restoration , and Administration of
Historic and Cultural Environment , Change 1, 15 March 1972 (pro—

-
~~~ posed revision , 40 F.R. 41636, 8 September 1975).

7. ER 1105—2—12, Archeolog ical Investigations and Salvage Activities,
15 May 1972 (proposed revision , 40 F.R. 41636 , 8 Sep tember 1975) .

8. ER 1105—2—13 , Aquatic Plant Control Programs , 31 May 1972.

9. ER 1105—2—502 , Public Meetings (33 CFR 209.405), 4 December 1972.

10. ER 1105—2—105, Guidelines for Assessment of Economic , Social, and
Environmental Effects of Civil Works Projects, 15 December 1972.

V 
11. ER 1105—2—129 , Preservation and Enhancement of Fish and Wildlife

Resources , 15 August 1973.
12. ER 1105—2—509 , Statement of Findings on Impacts of Civil Works

Actions , 9 October 1973.

13. ER 1130—2—407, Operating and Testing Potable Water Systems,
18 January 1974.

14. ER 1105—2—507 , Preparation and Coordination of Environmental State-
ments (33 CFR 209.410), 15 Apr il 1974.

15. ER 1105—2—508, Review of Environmental Impact Statements Prepared
by Other Agenc ies , 6 May 1974.

16. ER 1130—2—405 , Use of Off—Road Vehicles on Civil Works Projects,
17 January 1974.

17. ER 1105—2—14 , Framework and River Basin Study Programs (Level A
and Level B Studies), 28 July 1975.

18. ER 1105—2—200, Plann ing Process: Multiobjective Planning Framework
(33 CFR 290), 10 November 1975.

19. ER 1105—2—210 , Plann ing Processes: Plan Development Stages
(33 CFR 291), 10 November 1975.
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20. ER 1105—2—220 , Planning Processes: Problem Identification (Task 1)
(33 CFR 292 ) ,  10 November 1975.

21. ER 1105—2—230 , Plann ing Processes: Formulation of Alternatives
(Task 2) (33 CFR 293) , 10 November 1975.

22. ER 1105—2—240 , Planning Processes: Impac t Assessmen t (Task 3)
(33 CFR 294 ) ,  10 November 1975.

• 23. ER 1105—2—250 , Planning Processes: Evaluation (Task 4)
(33 CFR 295) , 10 November 1975.

24. ER 1105—2—921 , Feas ibility Repor ts: Sys tem of Accounts
(33 CFR 393) , 10 November 1975.

25. ER 1105—2—421 , Environmental Considerations : Inventories and
Monitoring, December 1976.

26. ER 1105—2—430, Environmental Considerations : Formulation of
Al ternatives , December 1976.

27. ER 1105—2—440, Environmental Considerations: Impac t Assessmen t
Alternative Plans , December 1976.

28. ER 1105—2—450 , Environmental Considerations : Evaluation of Al—
ternative Plans, December 1976.
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Evaluation Factors

Nineteen evaluation factors or selection criteria were used to

screen the various impact methodologies listed in this appendix. These

factors, stated in the form of questions , follow:

1. Does it identify environmental items?

2. Does it identify potential impacts?

3. Does it tell how to measure impacts?

4. Is it able to predict potential impacts (short—term and long—
term)?

5. Can it interpret the impacts?

6. Is it responsive to Corps environmental guidelines?

7. Is it practical for use in routine field cases (i.e., cost ,
ease of manipulation , data requirements)?

8. Is there flexibility built in the system so that it can be
used for different types of projects (i. e., construction ,
operation and maintenance , flood control , etc.)?

9. Is the system reliable?

10. Does it highlight major or key issues?

11. Does it tell how to determine predicted change or impact
(i.e., scale or magnitude)?

12. How app licable is the methodology to projects of widely dif-
ferent scale?

13. Is there potential for public involvement?

14. What is the degree of objectivity versus subjectivity ?

15. Does it display trade—offs?

16. What are the attractive features for Corps projects?

17. What special skills are required of users of the method?

4 18. What are the limitations of the methodology ?

19. Are examples available that document its successful use?
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APPENDIX C: A LIST OF VARIABLES FOR
CONSIDERATI ON IN DETERMINING POTENTIAL

IMPACTS OF WATER RE SOURCES PROJECTS

~~~ 1y Sel ect ed Exa mples of the Variabl~~lAre Presented at This Time for Your Re—
and Comment . V
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a Introduction

Included in this appendix are examp les cf variables or indicators

• associated with the National Economic Development (NED) , Environmental

Quality (EQ) , Social Well—Being (SWB), and Regional Development (RD)

V accounts. This list is not considered to be all—inclusive , nor is i t

meant to be such. The Final Report , to be published after this meth-

odology is field tested , will include a comprehensive list and descrip-

tion of factors to be considered by p lanners and decisioninakers . In

this Interim Report , however , several examples of variables for

each accoun t are presented with their definitions and suggestions for
- 

measurement. The structure of each account is shown in Figures 1—4 ,

• respectively, preceding the examples of the variables for each account.

A table of factors for converting metric (SI) units of measurement to

I . S. customary units and U. S. customary units to metric (SI) units is

given on page 7.
V 

It should be recognized that as the state of the art in impact

assessment advances , the variables used and methods of measurement and

prediction may also change. Consequently, this appendix will require

periodic cevision. 
V
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ACCOUNT CATEGORY SUBCATEGOR Y VARIABLE
— 

rFL000 CONTROL
WATER SUPPLY

V IRRIGAT ION
RECREATION

INCREASED OUTPUT NAVIGATION
WATER QUALITY

BENEFIC IAL ______ POWER
COMMERCIAL
FISHING ENHANCEMENT

N E D  
O T H E R

EXTERNAL ECONOMIES

V A L U E  OF O U T P U T  FROM U N E M P L O Y E D
V _ OR U N D E R E M P L O Y E D  RESOURCES

rVALUE OF RESOURCES FOR CONSTRUCTION

A D V E R S E  
AND O P E R A T I O N  AND M A I N T E N A N C E

— 
LEXTER NAL DISECONOMIES

Figur Cl. Structure of the National Economic Development account
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: Account N i t  i onal Economic I)evt i opment

~~~t~~~~~yj Be n e f i c i a l

Subcatego~~~ Increased Output

• Variabl e : Flood Con t ro l

Def in i t  ion and Measu remen t

F l o o d — c o n t r o l  b e n e f i t s  a re  d e f i n e d  as an i ncr e a s e  in the  p r o d u c —
t iv it~- of land or a reduction in the cost of using land r e s o u r c es
t h r o u g h imp l e m e n t a t i o n  of a f lood p la in  management  p lan . NED b e n e f i t s
are c a t e g o r i z e d  a c c o r d i n g  to their effect on activitIes such as inunda—

• t i o n  r e d u c t i o n  benefits (including soil erosion and sedimentation) ,
location benefits , or intensification benefits.

Functional Curve and Rationa le

None to be used. All Ni-N) benefits are to he measured in dcllars.

Cr e d lc t io n  of I m p a c t s

Flood p l a i n  zon ing  could  have a s i g n i f i c a n t  b e n e f i c i a l  N g J ) impact

V 
by (a)  hel p ing to ensure tha t  e f f i c i e n t  and proper use is made of
f l o o d — p r o n e  l ands ;  (b)  p r e v e n t i n g  l a r g e  f l ood  damages  t h at  would  occu r
if unsuitable development were to occur; (c) e l i m i n a t i n g  or sharp l y
reducing the need for local , State , and Federal relief expenditures in
the event of f l o o d s ;  (d) elimIoating or sharp ly reducing the cost of
c o n s t r u c t i n g  l a rge—sca le  f l oodwa te r  cont ro l  works t h a t  somet imes  m e r e ly
t r a n s f e r  damages to another area; and (e)  p rese rv ing  and enhanc ing  the
recreation and fish and wildlife values of the region or area involved.

Remarks

From Princ ip les and Standards (Wa ter Resources Council 1973) and
Bureau of Reclamation (1972). See CE ER 1105—2—351 and Soil Conserva—
tion Service Economics Guide (especially Chapter 5 , “Erosion and
Sed imen t,” Soil Conservation Service 1964).
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Account: Nat ional Economic- Development

V Cat &-~ orv: Beneficial

~~
t
~

I
~~~~ ory : E x t e r n a l  I - i -ono m i i -s

Del i n i t i o n  and Measurement

Increased o u t p u t  of individual firms or industries directl y af-
fected by a plan may enable related firms or industries to take ad-
vantage of more efficient production techniques , or may indirectly
affect consumers. Such productivity changes or technological external
economies can be attributed as a benefit to a plan. For xamp le , higher
levels of output by d irectly affected firms may enable subsequent pro-
cessing firms to use more efficient processing techniques and thereby

V release resources for use in producing other goods and services or
permit the higher level of output to be processed with no additional
resources.

Func t iona l Curve and R a t i o n a l e

V None to be used.  All NED b e n e f i t s  to be measured in dollars.

Prediction of Impacts

Present techniques are not well developed for measuring the bene—
V fieial effects accruing from external economies. However , in situations

where it is thought that the increased output of final consumer goods
or intermediate goods used by direct users can be expected to increase
the productivity or output of related firms , an attemp t should be made

V to measure the net income change resulting from such externalities.
When this is done , the methodology should be carefull y documented in
the report.

Remarks

From Princi ples and Standards (Water Resources Council 1973). See
also Bureau of Reclamation (1972).
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ACCOUNT CATEGORY SUBCATEG O RY VARIABLE
— — 

HABITAT TYPE r HABITAT SUBTYPE A

L HABITAT SUBTYPE B
C R I T I C A L  C O M M U N I T Y

V R E L A T I O N S H I P S

EROSION
- T ERREST R IAL G E O L O G I C A L  SO IL T Y P E

L M I N E R A L S
THREATENED AND
EN DA N G E R E D  SPECIES
P ESTS

~~~~ 

— 

EHABITAT SU BTYPE AV HABITAT TYPE I- L HABITAT SUBTYPE B
V 

C R I T I C A L  C O M M U N I T Y
RE L A T I O N S H I P S

rCH EMICA L

EQ — 
A QUATIC WATER QUA LITY PHYSICAL

L BIOLOGICAL

V W ATER Q U A N T I T Y
THREATENED AND
ENDANGERED SPECIES
PESTS

________________

E PHYSICAL
I QUALITY I

A I R  I L CHEMICAL
• LCL1MAT

~~~
’
~’

HISTORICAL

H U M A N  ________ A R C H E O L O G I C A L
INTERFACE 

ESTHETICS [AQUATIC

L TERRESTRIAL

— 
LAND US E

Figure C2. Structure of the Environmental (
~u ali t v account
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Account: Environmental Quality

Category : H u m a n  I n t e r f a c e

Subcategoryj l-sthetics (Biota)

Variable: Diversity of Vegetation Types

Definitio n and_Measurement

The esthetic quality of a site is a function of its types of vege-
tation and the proportions of the different types to one another.

irees are generally considered the most visually p leasing vegeta-
tion type , and cultivated (irrigated) crops slightly less so. Low
shrubs , grass , and dry farming are collective ly rated somewhat lower
than these , and the absence of vegetation is considered the least pleas—
1mg. Diversity rather than uniformity is desirable; for example , land
predominantly in trees , but with a mixture of vegetation types , is rated
higher than land with a 100—percent tree cover. Measurement involves
d e t e r m i n i n g  the p ropo r t i on  of trees , cr ops , shrubs and grasses , and no
vege ta t ion  in the  project area.

Functional Curve and Rationale

O V : V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

/ 
,

V/~~ 
NOT E: E V A L U A T E  TO APP RO X V / 2  M I L E  H O P I Z O N I A L L

—--- / /
V / P R E D O M I N A T I N G  V A R I E T I E S :

_________ / ________ T Y P E  I NO V E G E T A T I O N

€7 T Y P E  3 C U L T I V A ~~E D I I P R I G A T E O I C RO DS

°: 
/  

TYPE 4 T R E E S

• — MORE 2~~. 1 MORE 3 4  MORE 2. 4 • M O R E  2. 3

~

V

2 Z~~Z ~~~ Z A Z
t ~~~~~~~I4 ~~~~~~~~ ~~ ‘ u~ ~~~~~~~~

~~~~ ~~~~ ~~~~ ~~~~
~~~~

D I V E R S I T Y  OF V E G E T A T I O N  T Y P E S

t
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~ Prediction of impacts

To rate a particular site on diversit y of vegetation types , onl y
one of the four sections of the value function is used. The c-valuator
chooses the one labeled with the type of vegetation that , in his judg-
ment , predominates on the site. For example , if the plant cove r is

~5 percent low shrubs , grass , or dry  farming; 35 percen t trees; and

• ~O percent unvegetated , the curve corresponding to vegetation type 2 is
used . (Percentages should be estimated.)

- 
V If two or more vegetation types on the land to be evaluated are

equally distributed , the curve corresponding to the highest category of
p lant material present is used. In other words , if the plant cover
we r e  one—third grass and one—third both trees and cultivated crops , then
the type 4 curve would apply.

The proportion of vegetation types on the site other than the pre-
dominating type is determined . Different types interspersed on the same
area of land requ ires caref ul j udgment. The greater the amount of vege-
tation other than that of the predominating type , the higher the rating.

Here again , judgment must be exercised. For examp le , if culti—
V va ted crops predominate on a site and trees cover the remaining land ,

the site should be given a hi gher rating than an area where cultivated
crops predominate and the rest is in grass or dry farming. The evalua—
tor should take into accoun t the different values of the nonpredominat—
ing vegetation types.

RemarksI l
From Batteile Envi ronmental Evaluation System (Dee et al. 1972).
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Account: Environmental Quality

Category : Human Interface

Subca tc-~~jv: Esthetics (Water)

Variable: Wooded and Geologic Shoreline

Definition and Measurement

o Sa nd , gravel, and rock are generally considered the most visual ly

V p leasing geologic materials for the edge of a stream or lake , while un—
vegetated fine soil or mud usually detracts from the scene. The presence
and abundance of trees and shrubs near the shore provide a textured
vertical element to define the shoreline , creating a mon interesting
interface between land and water.

Functional Curve and Rationale

MUD 20% SAND 5O S A N D  100 S A N D
GRAVEL G R A V E L  GRAVEL

ROCK ROCK ROCK

GEOLOG IC I N T E R F A C E
APPROX 200-500 FT FROM W A T E R

Both the wooded and the geologic aspects of the shoreline are
measured in the value function. Alth ough percentages are stated for the
amounts of wooded and geolog ic shoreline , these percentages should be
estimated by the evaluator.
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Prediction of Impacts
.

No predictive models are available.

Rema rks

From Battelle Environmental Evaluation System (Dee et al. 1972).
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Account: Environmental Qualit y

~~~~~~~~~ Terrestrial

Subcategpry : Threatened and Endangered Species

I i  
Definition and Measurement

Species that are uncommon , threa tened , or endangered are particu—
larly sensitiv e to changes in the quality of the environment. A means

- lo r assessing the change in population of any species within the project
boundaries is needed to determine the environmental impact of proposed
projects. Measurement involves consideration of the extent to which the
specic -s is threatened or endangered.

- Functional Curve and Rationale
2.

1 0  I 1

0.8 — -

- . x
H LIV 0 0.6 -

z
- >-
- I- V

0.4 - -

1 
VI 0

0.2 —

0 I 1
0 2 4 6 8 10

WEI GH TE D VALUE SCALE

The quality index decreases as the extent to which the species is
threatened or endangered increases. The status of a species is classi-
fied as one of six categories , each of which is assigned a weight:

Categor~~ Weight 
V

• Common 10

State endemic 9

U. S. endemic 7

St ate threatened 5

I 
U. S. threatened 3

Endangered 1
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S t a t e  endemic  species  arc -  those f o u n d  onl y in a s ing le area w i t h i n  the
s t a t e , a l t h o u g h  they may be found in other states. They are common in
that one l o c a t i o n  where  they  a re  found . A species  classified as state
t h r e a t e n e d  or endange red  may occu r  in several  locat ions w i t h i n  the
state , hut the total numbers of the species are small. I t  may be found
in greater numbers in other states. The least common category (smallest
wei ght) found within the project boundaries is used as the value for

V the variable even if hi gher categories  are also fo und:

Variable 
= 

Weigh t of lowes t
estimate (least common) species

For examp le, if both an endangered species and a U. S. endemic species
occur , the value of the lowest category , 1, is used. In cases where
there are more than one species within the lowest category , an addi— V
tional classification system is used:

3 state endemics = 1 U. S. endemic
3 U. S. endemics = 1 state threatened
3 state threatened = 1 U. S. threatened
3 U. S. threatened = 1 endangered V

For examp le , if the lowest category within the boundaries is the state
threatened and i t  contains two species , the variable value by interpola—
tion would be 4. If there were three species in this category , the van —
able would equal 3. In order to predict the impact of the proposed —

project , both the direct and indirect effects on these species must be
examined. Construction may directl y des troy individuals or may damag e
their habitats , thus altering breeding success or some other critical
life component.

Remarks V

From Battelle Environmental Evaluation System (Dee et al. 1972).
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A c c o u n t :  E n v i r o n m e n t a l  Q u a l i t y

V Category : Aquatic

Subca te~~~~~: W a t e r  Q u a l i t y

V a r i a b l e :  l~at 1r Temperature

- . Definition and Measuremen t

W a t e r  t e m p e r a t u r e  is important primarily because of the sensi— V

t i v i t y  of f i s h  and aqua t i c  l i f e  to temperature changes. Althoug h each

V 
species  has an op t imum tempera tu re  range , aggregate temperature effects

• are best  handled not in terms of t empera tu re  per se , bu t  in terms of
the magn i tude  of depa r tu re  from na tu ra l  conditions .

V F u n c t i o n a l  Curve and R a t i o n a l e

1 .0 j I I
I-’V 1/

0.8 — -

x
V 

0 0.5 — —

-

0 2  - -

0
• — 1 0  — 5  0 -5 10 € 1 5

DEPARTURE C R O M  E Q U I L V O R V U M V C

The N a t i o n a l  S a n i t a t i o n  Founda t ion  (NSF) value functions for tom—
perature are shown in the functional curve. In accord with observations
for most fish , both value functions imp ly less serious effects for
temperature changes that cool the natural environment than for those
that warm it.

Prediction of Impacts

t Temperature prediction in rivers and estuaries involves a comp l ete
heat balance of the body of water , which accounts for all heat initiall y

present in the water and all heat that flows i n t o and out of the water
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bod y d u r i n g  an interval of time. The general time rate of temperature
change is given by Raphael ( 1962) :

dt Q A + flI .(t . — t )
W

= 
t 1 1 W

dO
w

where

t = river water temperature
w
0 = t ime

= total net heat transfer/area

A area
V - m . = inflow mass of water

1
= inflow temperature of water

m = r iver water mass

The output of the model is a temperature profile of the stream.
The primary input data are (a) water body dimensions , (b) fl ow and
temperature characteristics , and (c) climatolog ical and weather data.

The model is app licable in a uniform temperature region and not
app l i c a b l e  where temperature stratification exists.

Remarks

From Battelle Environmental Evaluation System (Dee et al. 1972)
and Battelle Dredging Impact Assessment Method (Battelle—Columbus Lab-
oratories 1974). See also Raphael (1962) for NSF curves.
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Account: Environmental Quality

Ca tego~y~ Aquatic

Subcategory : Water Quality

Var iable: Dissolved Oxygen

Definition and Measurement

Dissolved oxygen is perhaps the most commonly emp loyed var iable of
V water q u a l i t y .  Low levels of dissolved oxygen adversely a f f e c t  f i s h  and

other aquatic life , and the total absence of dissolved oxygen will lead
V to the development of an anaerobic condition with the attendant odor and
V 

other esthetic problems.

The saturation concentration of dissolved oxygen in water depends
on water temperature and on dissolved solids content; the ability of
water to hold dissolved oxygen decreases with increases in temperature
or dissolved solids. Further , increased temperatures increase the rates
at  which dissolved oxygen is deple ted  by the life processes of fish and
aqua t i c  l i f e  and by the s t a b i l i z a t i o n  of biochemical  oxygen demand
m a t e r i a l s .

V 
Func t iona l  Curve and Rat ionale
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DISSOLVED OXYGEN •~•q l

The oxygen requirements of fish vary with the species and age of
the fish. Cold—water fish seem to require higher oxygen concentrations
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t han  LlO t h e  c O l  r se  fish (e . g. c a r p  and eel) , p r o b a b l y  b e cau se  the I o rot e  r
D i e  E101e a c t  i vc- and p redo I I)

\ c l t wj  t h s t an d  i n~ these variations , i t  may he s t a te d  that t h e  rang . e
of 3—li m g / -  is t h e  c n i t  ical leve l  of d i sso lved  oxygen  f o r  n e a r l y al
f i s h .  ;~ I ow 3 m g / - . , f u r t h e r  decre— Ises in  oxy gen  are i r ~p e r t a n t  onl y i n —
s t € f a r  OS t i l e  d e v e l o p m e n t  of local  anaerobic condi  t i ons is c o n c e r n e d ;  t i l e

V m~~j or  dau ~agc  to f i s h  and a q u a t i c  l i f e  w i l l  a l r e a dy  have been done .
Above 6 m g / - ~, t h e r a~ or advan t age  of a d d i t i o n a l  dissolved oxygen  is as
a r c s cr v t -  or  b u f f e r  t o  h and l e  shock loads of h i g h  o x y g e n — d e m a n d i n g  w a s t e
loads .  These f a c t o r s  a r e  r e f l e c t e d  in the S—shape  of the va lue  f u n c t i o n .
The value f u n c t i o n  shown in the curve is i d e n t ic a l  ~- i t h the one pub—
l i s h e d  by the  N a t i o n a l  S a n i t a t i o n  Founda t ion  (NSF) if one assumes a
s a t u r a t i o n  c o n c e n t r a t i o n  of 9 m g/ f  ( t h e  N SF va lue  f un c t i o n  was construc-
ted  i n t er ~~s 01  p e r c e n t  s a t u r a t i o n  i n s t ead  of absolu te  dissolved oxy g en
co n e cli t r a t i o n )

P r e d i c t i o n  of l mp a ct s

N a nv  p r e d i c t i v e  models ex i s t  fo r  d e t e r m in i n g  changes in d isso lved
oxygen.  A n o t a b l e  source is N e m e r o w  ( 1 9 7 4 ) .

I,-
Rema rks

From Battelle Environmental Evaluation System (Dee et al. 1972).
See also Battelle Dredging Impact Assessment Method (Battelle—Columbus
Laboratories 1974). V
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\& - c o u n t :  Environmental Quality

t o ~~~~~~Irv : Aquatic

~ ub~ - . I t e~~4 I r V  la t e r  Qualit y

V ar i ab l e S. B j o e  Ii ~ - l : ~ i cal I ) x V g e l i  Demand

V 
Definition and M e a su r e m e n t

B i o c h e m i c a l  o xy g e n  demand (BUD) , one of the most w i d e l y  used
v a r i a b l e s  of w at e r  q u a l i t y ,  is  a s u r r o g a t e  i n d i c a t o r  o )  t he  e f f e c t  of a
c o m b i n a t i o n  of subs t ances  and c o n d i t i o n s . Sp e c i f i c a l l y , BUD is a
m e . I s u r c  o f t i l e  a m o u n t  of  d i s so lved  oxy gen t h a t  w i l l  he dep l e t e d  f r I l l
w a t e r  d u r i n c  the  n a t u r a l  b i o l o g i c a l  a s s i m i l a t i o n  of o r g a n i c  m a t e r i a l s .

V Fu n e t  j on a l  Curve  and R a t i o n a l e

I I I
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0 I I
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BUD is i m p o r t a n t  onl y i n s o f a r  as i t  promotes  the  dep l e t i o n  of
d issolved oxygen or the  g rowth  of u n d e s i r a b l e  b e n t h i c  organisms . In a
slow , s luggish  s t r eam or r ese rvo i r , a BUD of S m g / f  m igh t  he s u f f i c i e n t
to produce undesirable conditions , whereas a swift moun tain stream
m i c l i t  e a s i ly  handle  50 mg/i.  of BUD w i t h o u t  s i g n i f i c a n t  d e l e t e r i o u s  ef-
f e c t s .  Swif t—moving s t r eams  have a g r ea t e r  c a p a ci t y  fo r  r c a e r a t i o n  and
fo r  p r e v e n t i n g  the  a c c u m u l a t i o n  of h igh  BUD m a t e r i a l s  in b o t t o m  d e p o s i t s
than do sluggish streams or reservoirs. Thus , the value function for
BUD must  he s t r u c t u r e d  to r e f l e c t  these d i f f e r e n c e s .  I t  is  seen t h a t
the N a t i o n a l  S a n i t a t i o n  F o u n d a t i o n  (N SF)  value  f u n c t i o n  f a l l s  in be tween
the value functions provided in tile curve for t h e  tw o  c - x t r c m c  c o n d i t i o n s
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described previously . The value function for the sluggish stream or
reservoir is characterized by a much more sudden decrease in qualit y per
unit of additional BUD than is the value function for the swift stream.

Prediction of Impacts

M a n y  p r e d i c t i v e  models are available. See Nemerow (1974).

V Remarks

From Battelle Environmental Evaluation System (Dee et al. 1972).
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A - c o u n t :  Envi r o l i l ell t al Quo ii ty

( . i t t g 4 , r y :  A q u at i c

S u hc a t e c o r v :  Hab i tat and ( o l n I r I n t i  i I I t - s

Vari able: Fr& shw l t or Non r i v e r  Swamp

Di- t in i t  ion and  M e a su r e n i e n t

V Freshwater n o n r i v e r  swamps are considered to servo as plant and
,In inLtl habit at. I-:val.iation of thi s habitat type is based on composite
of f i v e key variables as follows : species associations , percent forest
c o v e r , p e r c e n t  flooded annually, ground cover diversity, and percent
tove rOgc by ground euver. For definitions of these variables see the
v a r i a b l e  Freshwater River Swamp .

Function al Curves and R a t i o n a le

A curve is provided for each of the five variables. The importance
wei ghts for the five variables for freshwater nonriver swamps are as
follows:

____ Variable Weig~~

1. Species associations 28
2. Percent  forest  cover 21
3. Percent flooded annually 23
4. Ground cover divers ity 14
5. Percent coverage by ground cover 14

Pred ic t ion  of Impacts

No predictive models are available.

Remarks

V From Lower Mississippi Valley Division Method (U. S. Army Engineer
Division , Lower Mississipp i Valley , 1976) .
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Account: Environmental Quality

Category : Air

Subcateg ~~ y: A i r  Q u a l i t y

V a r i a b l e :  Pa r t  ic u l a t e  M a t t e r

D e f i n i t i o n  and Me asurement

Suspended particulate matter , often referred to as particulates
in the air pollution literature , is the most prevalent atmospheric
pollutant. Most observations of particulate concentration are obtained
with equipment that preferentiall y collects particles in the 1— to
10—p range .  La rge r  p a r t i c l e s  tend to se t t l e  out of the air due to
gravity and are thus mostly a nuisance. Particles smaller than 1 p , on

- : the o t h e r  hand , are most r ead i l y resp irable and con t r i bu t e  the most to
reduction of visibility due to their light—scattering ability . However ,
most of the literature , criteria , and standards have reference to 1— to
10—u particles , the concentration of which is expressed as mass per
u n i t  volume , usually micrograms  per cubic me t re .

F u n c t i o n a l  Curve and R a t i o n a l e

1 .0 I

08 - -

-l
Ui
o 0 .6 — —
z

- —4 •V _ V 4

a

0.2 —

0 100 200 300 400

2 4 - H R  M E A N , ~~ m 3

.-\ va lue  f u n c t i o n  for these particulates has been constructed
giving consideration to established air quality standards and the cri—
teria upon which the standards are based. In general the function
declines relativel y steeply as concentrations become great enough to
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cause noticeable turbidit y or to contribute to corrosion of materials.
It will decline more slowly a t  hi gher concentrations where health ef-
fects begin to appear , but will certainl y be very low at typ ical urban
concentrations. The value function declines again ~.s concentration
approaches zero because some particles are necessary to provide condensa-
tion nuclei upon which fog and cloud droplets can form .

-~ Prediction of lmpacts

Determine changes in particulate matter levels. Several pre-
dictive techniques are discussed in U. S. Environmental Protection
Agency (1973) and Seinfeld (1973).

V Remarks

From Battelle Environmental Evaluation System (Dee et al. 1972).
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ACCOUNT CATEGORY VARIABLE
— 

r REDUCTION IN RISK
I REDUCTION IN PATHOGENS

LIFE, HEALTH , AND SAFETY I
I REDUCTION iN NOXIOUS EFFECTS

• L DENSITY

EMERGENCY PREPAREDNESS _

~~

—[ SPATIAL REARRANGEMENTS

DEMOGRAPHIC ____________ POPULATION SIZE
— CHARACTER ISTICS L VITAL RATES

r COHESION
I EMPLOYMENT

• SWB COMMUNITY ORGANIZATION 
SOCIAL MOBILITY

LDISPLACEMENT

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

EINCOME GENERATED
INCOME 

LCONTRIBUTIONS

EDUCATIONAL , CULTURAL , r IMPROVED AMENITIES
AND RECREATIONAL -~ EXPANDED OPPORTUNIT IES
OPPORTUNITIES L ACHIEVEMENT ‘QUALITY

NOISE

— 
ESTHETIC VALUE

Figure C3. Structure of the Social Well—Being account
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Account: Social Well—Being

Category: Lif e , Health, and Safe ty

Variable: Reduction in Pathogens (Morbidity)

Definition and Measurement

From the definitions of a cluster of concepts , the reduction in
the morbidity rate from a given disease (e.g., malaria) may be selected.
Morbid ity rates can be calculated as one of the following :

number of new cases of diseaseIncidence rate =
population of study area

Duration disability rates per person
I

fa tal cases of diseaseSeverity =
reported total cases of disease

Funct ional Curve and Rationale

None avaliable.

Idealized Functional Curve
and Rationale

NUMnER OF RATHOGENS

I
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Prediction of Impacts

Positive impacts reflect the removal of pathogens from the environ-

ment and the overall improvement of life conditions.

Remarks

Public health statistics.

I
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A ccount: Social Well—Being

Category: Life , Health , and Safe ty

Variable: Reduction in Risk

Definition and Measurement

A key variable in determining social well—being is accidental
deaths attributed to a project. The measurement can be derived from the
general relationshi p of the number of accidental deaths and/or injuries
per 1000 population. It could be further elaborated to reflect mortality
rates for specific groups , morbidity rates for selected causes , and
seve r i t y  ra tes  ( l eng th  of incapacitation) .

Functional Curve and Rationale

None available.

Idealized Functional Curve
and Rationale

LOW MEDIUM H I G H

R A T E  OF ACCIDENTAL D E A T H S  AND OR INJURIES
R E L A T E D  TO S P E C I F I C  P R O J E C T )

Prediction of Impacts

Adverse impacts are identified with a significant number of deaths
and/or injuries attributed to a specific project. 1.Thile the term “sig—

s nificant ” is relative , it reflects concern with the rate of death , in-
j ury ,  and/or physical malady that affect collective well—being as well
as the delivery of health—care services.

Remarks

M ost measurements for this variable reflect concern with physical
dimensions , such as removal of hazards , expected damages , and sa f e
d r i n k i n g  w a t e r .  Da ta  fo r  a c c i d e n t a l  deaths  can be obta ined f rom the
Federal and State v i t a l  s t a ti s t i c s , i nc lud ing  hosp i ta l  records .
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A t-count: Social Well—Being

C a t e g o r y :  Emergency Preparedness

V a r i a b l e :  Sp a t i a l  Rear rangements

D e f i n i t i o n  and Measurement

This variable attempts to relate the degree of population and
industry dispersal in order to meet a variety of exigencies. Ideally ,
water resources projects for new towns and industries outside major

V population centers should be indicators of whether national security
demands are being met and of readiness in case of emergency. The Bureau
of Reclamation (1972) includes the following factors in this area:
provision of flexible reserves of water and protection of waterways.

Func t iona l  Curve and Ra t i ona l e

None avai lable.

Idealized Functional Curve and Rationale

LOW MED IUM HIGH

DEGREE OF DISPERSAL

r r ~~I i c t i o n  of Im p a c t s

P o s i t i v e  impac t s  accrue where alternative dispersed water systems
ar e  able to p ick up f u n c t i o n s  following any national emergency . However ,

V preparedness beyond a certain point of dispersal (intermediate?) may be
economically undesirable. Use of gr av ity models can hel p de termine
either concentration or decentralization optima.

R emarks

Standard census sources are useful , as are inventories of project
sites. I)epartment of Defense data (as for reaction to potential nuclear
attack) may be useful parallel material.
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Accou nt:  Social  W i l l — B e i ng

Category : Demograp hic Characteri stics

Variable: Population Density

D e f i n i t i o n  and N o a s i ir e m en t

This variable essentially involves the number of people living
in a given area. It attempts to measure both the scale of life with

V regard to the number of a f f e c t e d  groups in a given area and the cos ts
associated with various rates of increase in density (such as tax base ,
c r i m e , o p p o r t u n i t i e s , and d i s c o m f o r t) .  I t  is measured by number of
p eop le per given area , and while numerical , has no ac tual  r e f e r e n c e  to
wha t  is low or hi gh.

Function al Curve and Rationale

N o n e  ava i lab le .

Idea l ized  F u n c t i o n a l  Curve
and R a t i o n a l e

LOW MEDIUM HIG H

POPULATION DENSITY

P r e d i c t i o n  of Impac t s

Presumabl y ,  low as well as h ig h dens i t i e s  may c o n t r i b u t e  to soc ia l
problems . In the first case , there is no economy of scale and limited
opportunities may motivate out—mi gration . In the latter , high concentra-
tions and crowding produce f r u s t r a t i o n, noise , and o the r  comp l i c a t i o n s .
Yet , high densities may attract new industries and peop le , a c c e n t u a t i n g
economic o p p o r t u n i t i e s , even l i m i t i n g  conges t ion  in o t h e r  areas , e . g . ,
n a t i o n a l  p o l i c y  fo r  d e c o n c e n t r a t i o n , re l ie f  of e a s t e rn  conges ted  a reas ,
and metropolitan sprawl .

I
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Remarks

Pop u l a t i o n  d e n s i t y  is a hi ghl y sub] t e l  i Vt’  m e a s u r e  d e p e n d i n g  on the
point  of view of a f f e c t e d  groups .  In terms of environmental quality ,

it i 5  u s u a l l y  a s s o c i a t e d  w i t h  c a r r y i n g  c a p a c i t y ,  a l t h o u g h  no s p e c i f ic

V 
t ’ , s ur t ’s , p a r a m e t e r s , o r l i m i t s  seem t o  e x i s t .
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Account: Social Well—Being

Categor~j Demographic Characteristics

Variable: Community Growth

Definition and Measurement

Most often, community growth is defined as the increase in popula-
tion of a given locality with the attendant increases in community
services and facilities.

Functional Curve and Rationale

None available (except an implicit functional relationship for
certain schools of thought that the more the growth, the better the
community).

Idealized Functional Curve
and Rationale

e

Ui

<50 .000 >250 ,00C
P O P U L A TI O N

Prediction of Impacts

Positive impacts may be described as those consistent with stated
community goals and carrying capacity. However, neither goals nor carry—
ing capacity is usually defined (most of the time they reflect shifting
local desires). Adverse impacts can be predicted when communities grow
beyond desired levels or when they exceed some notion of carrying
capacity .

Remarks

The idealized functional curve assumes that the so—called “good
community” involves both a minimum and a maximum size. While the numbers
shown reflect some agreement in the literature , they are highly dependent
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on local circumstances , time, culture, etc. Repeated studies show no
conclusive evidence of optimum community size for environmental quality
(measured through a variety of social indicators). Sources of informa-
tion include records of new development, census information, aerial
photographs, and local baseline data.

I
S

I
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Account: Social Well—Being

Category: Demographic Characteristics

Variable: Population Mobility

Definition and Measurement

Population mobility can be defined as the ability of individuals to
move from one locality to another. This is usually measured as either
out—migration or in—migration with the resulting balance expressed as
net migration. The percentage of change between selected time periods

• expresses the rate of migration as part of the overall population change.

Functional Curve and Ration2l

None available.

Idealized Functional Curve
and Rationale

RA T E  OF M I G R A T I O N

Prediction of Impacts

Population shifts can be predicted by using trend data for the past
and extrapolating into the future. The degree of change due to migration
may affect in two different ways social well—being . On the one hand ,
mobility contributes to the psychological well—being of individuals and
economic and social enhancement of a community. On the other hand , sig-
nificant rates of out—migration create hardships to the community left
behind , as well as problems from sudden population influx into host com—
munities. A general observation in the literature is that migration is
proportional to the number of opportunities at a given distance.

Remarks

Census and local sources.
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Account: Social Well—Being

• Category: Community Organization

Variable: Community Cohesion

Definition and Measurement

Assuming that one can define community (in either spatial, social,
or subjective terms), community cohesion is a composite variable ref lect—
ing the degree of attraction of parts, the level of interdependence, and

• the commonality of social traits providing unifying forces of a group.
Cohesiveness describes the sense of community in terms of degree of prox-
imity, interaction, and sharing. There are various measures such as
neighborhood index (residential qualities), social capacity indicators
(perceptions and identification), social interaction analysis (inter-
action patterns within community boundaries), mobility index (percent
of households in the same dwelling unit f or 5 yr or more), and a host
of social indicators (crime rate, unemployment, subjective group
identification).

Functional Curve and Rationale

None available.

Idealized Functional Curve
4 and Rationale

x

LOW MEDIUM NI GH

COMMUNITY C OH ES ION

Prediction of Impacts

Adverse impacts involve the serious disruption of social inter—
£ action, transformation in physical proximity , breakdowns in important

local institutions, and alterations in behavioral and perceptual rela—
tionships (distrust, anxiety about newcomers, suspicion, frustration
about the “passing of the good old days”). Alternatively , a project
may enhance cohesion by responding to broadly desired community
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objectives (and in many cases by rallying citizens as opposing forces

- 
to projects).

Remarks

• This is one of the most celebrated elements of SWB and social irn—
pact analysis. Although it is widely discussed , little exists as to
its specific dimensions or functional relationships. Information can
be obtained indirectly through available data or through surveys for
judgment scales. Sources of information also include local mass media
analysis and interviews with community leaders.

I
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Account: Social Well—Being

Category: Community Organization

Variable: Displacement of People

Definition and Measurement

This variable measures the displacement of individuals due to the
acquisition of land and associated facilities. Its measurement is based
on the actual number of people displaced and on a subjective evaluation
of a low to high rate of displacement in the context of the particular
community.

Functional Curve and Rationale

None available.

Idealized Functional Curve
and Rationale

M I N I M A L  MEDIUM S E V E R E

DISPLACEMENT OF PEOPLE

Prediction of Impacts

Adverse economic impacts occur when individuals or groups suffer
losses above and beyond those compensable under law. Furthermore,
social dislocations and adverse Impacts result from dispersion and from
breakdowns in community cohesion (including losses of community insti-
tutions). Other predictable Impacts involve effects on receiving
communities and on individuals who are adapting to a new environment.

Remarks

No agreement exists as to what is minimal or severe displacement.
Occasionally displacement may be also advantageous in providing new
opportunities for certain groups, e.g., the removal of people from
dilapidated areas.
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Account: Social Well—Being

V Category: Community Organization

Variable: Social Mobility

Definition and Measurement

As part of overall community organization, this variable measures
the percent of fathers and sons in the same occupational category . It
is one of many indexes of occupational shift and attempts to delineate

A the upward mobility of successive generations.

Functional Curve and Rationale

None available.

Idealized Functional Curve
and Rationale

LOW MEDI UM NIGH

DEGREE OF UPWARD MOBIL ITY

Prediction of Impacts

The higher the upward mobility, the opportunity for more profes-
sional or higher paying jobs, the more the ability to meet basic needs
and the higher the satisfaction. Under such conditions positive impacts
are to be expected in tcrms of community solidarity and collective
social well—being.

Remarks

Data sources for this variable include employment data described
in the census, especially percentage of persons in professional and
managerial positions compared with percentage of persons in laboring
and service occupations. Longitudinal studies would be particularly
useful.
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Account: Social Well—Being

Category: Real Income Distribution

Variable: Income Generated

Definition and Measurement

This variable measured by a series of indexes elaborating changes
in the level of income attempts to capture monetary benefits to be ac-
crued to various groups by a given project. It is assumed that higher
incomes raise both the level of opportunities and the satisfaction ac-
companying new lifestyles. Measurements usually associated with Lhis
variable are median family income and per capita income (family poverty
level as defined by the Office of Economic Opportunity may be used as
the lowest income group). Subsequent levels of income groups can por-
tray relative cutting points.

Functional Curve and Rationale

None available.

Idealized Functional Curve
and Rationale

LOW MEDIUM HIGH

INCOME GENERATED

Prediction of Impacts

The range of effects involves the number and income class of
project beneficiaries; the expected equitable distribution among all
groups ; and the effect income redistribution will have on expenditures
in a community . Usually, income generated is seen as a catalyst for
far—reaching changes and secondary impacts in the life of a community
(such as income stabilization, better community services , and better
standard of living).
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Remarks

Composite sources from methodologies examined, especially Bureau
of Reclamation (1972). Other sources: census; tax records; and Office
of Economic Opportunity.
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Account: Social Well—Being

Category: Educational , Cultural, and Recreational Opportunities

Variable: Accessibility

Definition and Measurement

This variable can be broadly defined as the relative ease or dif-
ficulty of getting to or from educational , cultural, or recreational
opportunities. This variable can be measured by movement patterns re-
lating spatial separation , attractiveness of destination , and costs of
movemez~t through such techniques as isochronal maps and comparative
graphs showing gains and losses in geographic areas. Rigorous techniques
can express in mathematical terms an index of accessibility (which here
for reasons of simplicity may range from low to high).

Functional Curve and Rationale

None available.

Idealized Functional Curve
and Rationale

LOW N I G H

ACCESSIBILITY

Prediction of Impacts

Positive impacts refer to increased opportunities for reaching
desired destinations. However , adverse (secondary) effects involve
potential for sprawl developments , land—use changes, and overuse of
recreational activities. The idealized functional relationship assumes
a saturation threshold , especially for cases of pristine , relatively
isolated environments.
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Remarks

This variable should incorporate not only physical accessibility
but also perception of accessibility (proxemic configuration) . Thus,
it is not only physical distance but also the mental map of the per—
ceived attractivity and related distance that comprise a total index of
accessibility. Information can be derived from traffic studies as well
as from surveys of subjective identification.
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Account: Social Well—Being

Cat eg ~~~y:  Educational , Cultural , and Recreational Oppor tunities

Variable: Recreational Diversity

Definition and Measurement

• This variable attempts to measure the mix of recreational oppor-
tunities. It is based on a subjective measure of single—purpose recrea-
tion versus a richer diversity of recreational opportunities. It can
be measured by the number of potential activities through consensus
subjective scales with arbitrary cutting points at different levels of
diversity of envisaged activities. The assumption underlying this
variable is that the richer the mix , the higher the satisfaction to
diverse groups of citizens.

• Functional Curve and Rationale

None available.

Idealized Functional Curve
and Rationale

I~~~~~~~~~~~~~~~~~~~~
I

SINGLE M O D E R A T E  P L U R A L I S T I C

R E C R E A T I O N  M I X

Prediction of Impacts

Positive impacts may result from more opportunities for recrea—
tional part ic ipation and from diversified activities. Adverse impacts
may also appear from overlapp ing/competing recreational activities ,
e.g., fishing versus water skiing.

Remarks

Recreation is difficult to define since it means almost anything
peop le do with their leisure time . Discretionary time use for personal
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satisfaction and enjoyment can be also used here. Parallel concepts in—V 

c~ ude recreational experience quality as measured through judgments
along a relative preference scale.

t
C44

_ _ _ _ _ _ _ _ _  
1~~T~~~~ i~:~~ V~~~V~~~~~~~~



-v ,
~

Account: Social Well—Being

Category : Educational , Cultural , and Recreational Opportunities

Variable: Achievement/Quality

Definition and Measurement

Al though parallel indexes may exist to measure a variety of items
• under achievement or performance , two typical factors describe level

of achievemen t: (a) median school years completed by persons 25 yr
and over and (b) percen t of persons 25 yr and over who completed 4 yr
of high school or more. The first is the basis for the present vari-
able and is based on the assumption that higher education contributes
to self—actualization , a higher degree of satisfaction , and therefore

• more overall fulfillment.

• Functional Curve and Rationale

None available.

N
Idealized Functional Curve
and Ra tionale

I

.

o~~~~~~~~~~~ to .IS
MEDIAN SCHOOL YEARS COMPLETED

Prediction of Impacts

Positive impacts in terms of enhancement and fulfillment occur
when individuals have the opportunity through increased education to
be emp loyed in higher pay ing jobs (thus, indirectly also measuring in-
come); to be involved in more meaningful jobs; and to have feelings of
self—improvement , goal realization, and personal fulfillment. However,
disparities between educational achievement (especially for the highly
trained) and actual employment opportunities or individual expecta-
t ions may cause frustration, dissatisfaction, and other negative
impac ts.
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Remarks

Use standard U. S. census data. Also use state and local informa-
tion and surveys for measuring att itudes toward satisfac t ion from
achieved educational level.

C .

*
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Account: Social Well—Being

• Category : Noise

Definition and Measurement

Noise is created both by man’s activities and by natural phenomena.
Noise may have a physiological effect , in which case it may be con-
sidered to be a pollutant, or a psychological effect, in which case it
is more of an esthetic factor. For example, the singing of birds and
the bubbling of a brook can be considered as desired sounds. In other

• cases, however, noise can cause damage to man and nature. Some examples
of undesirable sounds are noise from the normal operation of project
facilities, such as generators and machine shops, or as a result of
man ’s use of water resources projects, such as outboard motors and snow—
mobiles at recreation areas.

Functional Curve and Rationale

I VQ

k\ ,. 

I I I

INFR E QUENT SPAR SE

0.8 - -

- 

F R E Q U E N T ’F E W SlTE ~

• 0.4 — —

0.2 - —

CONTINUOUS/S EVERAL
SITES

0 I I
50 60 70  75 80 90 1 00

N A T U R A L
LEVEL LOUD

ACCEPT A B L E  ~ ~ A N N O Y I N G

NOISE I N T E N S I T Y , db~ A

In urban areas where noise is a major problem , several var iables
of noise are usually of interest, including intensity, frequency distri—
bution, distribution of frequency and intensity throughout the day,
variety of sound, and relationship between the sources of noise and the
recipients of noise. To avoid the unwarranted complexity of handling
these multiple variables, two have been selected for incorporation into

4 a noise value function. These are the intensity of noise and the fre-
quency of occurrence and distribution within the project area. Intensity
is represented by conventional decibel db (A) units and by a subjective
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I
scale from “natural level” to “loud .” Quality index is shown to decrease
with both increasing intensity and increasing frequency and distribution.

Prediction of Impacts

See models developed by the U. S. Department of Transportation

• (1972) and Federal Highway Administration (1973).

Remarks

From Battelle Environmental Evaluation System (Dee et al. 1972).

p

I
I
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ACC OUNT CATEGORY VA RIABLE
— 

VALU E OFOUTPUTS
VALUE TO UNEMPLOYE D OR
UNDEREMPLOYED RESOURCES
USER PAYMENTS
IN CREASES FROM INDU C ED OR
ST EMMING ACTIVITIES

INCOME EFFECTS 
_______________________________ 

INCREASES FROM CONSTRUCTION
A ND OP ERATION AND MAINTEN ANC E• A CTIVITIES

• LOSSES FROM DISPLACED
R EGIONAL ACTIVITI ES
LOSSES OF ASSISTANCE AND
W ELFARE
INDIRECT INCREASES IN PUBLIC
EXPENDITURES

• RD

______________________________ELONG-TER M
EMPLOYMEN T I

LSHORT-TERM

POPULA TION DISTR I BUT I ON r TOTAL POPULATION

LCOMPOSITION

ECONOMIC BASE AND STABILITY

ENV I RONMEN TAL EFFECT S OF REG I ONAL CONCERN

REGIONAL EFFECTS ON EDUCATION AL , CULTURA L,
AND RECREATIONAL OPPORTUNITIES

Figure C4. Structure of the Regional Development account
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Account: Regional Development

• Category : Income Effects

Variable: Value of Unemployed or Underemp loyed Resources

Definition and Measurement

Using the full employment assumption stated in Principles and
Standards, underemployment or unemployment of resources would occur only
during tem~porary transition periods as resources are moved from lower[ to higher economic uses. The key criterion in evaluation is the degree
of immobility of the resource. Information must be obtained about the
individuals and groups in the socioeconomic region under consideration .
Then an effort should be made to determine the probable duration of the
underemp loyment or unemployment in the absence of a water resource plan.
A two—step approach is recommended : (a) identify all income—generating
ac tivities and associated employment under (1) induced and stemming ef—
fects and (2) construction and operation and maintenance expenditures
and (b) identify those portions of these two categories providing em-
ployment to those factors of production not fully or partially utilized.
Then adjust the other two estimates to reflect this change.

Functional Curve and RationaleV

S

None available.
I

Prediction of Impacts

It is expected that underemployed or unemployed resources will be
reduced in most cases of plan development , at least for a limited time.
The benefits accrued from this variable would then be greatest at the
beginning of p lan implementation, declining and ending after a period
of about 20 yr.

Remarks

The existence of underused or unused resources has to be supported
and a demonstration made that they would not be used in the absence of
a planned development. Possible references would include publications
from the U. S. Department of Commerce , the U. S. Department of Labor ,
and the U. S. Census Bureau. By comparing local levels of income and
employment with national averages and national employment goals, a
preliminary basis for separating the underemployed or unemployed cate-
gory can be derived. From Bureau of Reclamation (1972).
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• Accoun t: Regional Development

Category : Income Effects

Variable: User Payments

Definition and Measurement

User payments include payments made by the region for resources
developed by the plan. These costs are the repayments for project
water , power , recreation , fish and wildlife facilities, navigation
sys tems, and/or other project facilities and services for which reim-
bursement is required.

Functional Curve and Rationale

None available.

Predic tion of Impac ts

Information on these costs will be generated during Stage 2 of
the planning process by the Economics Section.

I Remarks
4

The form of payment may include direct payments for power , irr i—
gation water , municipal and industrial water, local cost—sharing for
facility development , or user fees for recreation and fish and wildlif e
facilities. From Bureau of Reclamation (1972).

I
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Accoun t: Regional Development

Categpry: Income Effec ts

Variable: Increases from Construction and Operation and Maintenance
Activities

Defini tion and Measurement

Income impacts will be generated by wages paid to construction
workers and from employees involved in operating and maintaining program
or projec t services. Data are available on the number of construction
workers , type of work , and salary schedules. Similar data are often
developed in estimating annual operation and maintenance expenditures
for determining project costs and from actual construction and operation
experience. It may also be desirable to derive an income multiplier

4 from existing input—output studies to estimate the total net income
generated.

Functional Curve and Rationale

None available.

Prediction of Impacts

Regional expendit”res by imported manpower will vary from a high
where total disposable wages are spent to a low of subsistence spending.

Remarks

An analysis of the anticipated construction schedule will be
necessary to determine construction impacts. From Bureau of Reclama-
tion (1972).
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Account: Regional Development

Category : Income Effec ts

Var iable: Losses from Disp laced Regional Activities

Definition and Measurement

This variable is the loss of net income in the region from other
economic activities as a result of displacemen t by the plan.

Functional Curve and Rationale

None available.

Pred iction of Impac ts

Data on this variable will be generated for each alternative p lan
during Stage 2 of the planning process by the Economics Section .

Remarks
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Account: Regional Development

Category: Emp loymen t

Definition and Measurement

Beneficial effects are identified and measured as the increase
in the number and types of jobs resulting from the project or programs
being evaluated. Adverse effects related to regional employment would
include any decrease in the number and types of jobs resulting from
construction and/or operation of a project or program.

Functional Curve and Rationale

None available.

Prediction of Impacts

Planning reports will provide reasonable estimates of the antici-
pa ted increased employment by service , trade , or industrial sector.
When possible, the employment increase will be classified with regard
to level of skills required .

Remarks

Consideration should be given to the difference between short—
versus long—term impacts (construction versus operation and maintainance
jobs.) From Bureau of Reclamation (1972).
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Account: Regional Development

Category : Population Distribution

Definition and Measurement

Population distribution may be measured by the components of total
population, composition, and concentration. Changes (increases, de—
creases, or stability) may be noted over a period of time for the region
to determine trends and make predictions.

Functional Curve and Rationale

None available.

Pred iction of Impacts

Beneficial effec ts will occur when population concentrations of
affected planning areas are improved through opportunities created by
imp lementation of a plan. Beneficial effects can be measured as
progress toward attainment of specific goals for population dispersal
and urban—rural balance is realized. Adverse effects would be plan—
induced concentrations of pop ula tion and employment contrary to speci-
fied objec tives. Continuing out—migration of regional popula tion could
be an adverse effec t measured and identified in a future without—p lan
analysis.

Remarks

From Bureau of Reclamation (1972).
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Account: Regional Dev elopmen t

Category : Economic Base and Stability

Definition and Measurement

This category consists of those activities that provide the basic
employm ent and income on which the rest of the regional economy depends.
Beneficial effects include contributions to balanced local and regional
economies, regularized market activity and employment fluctuations ,
and reversal in decline of community growth. These beneficial i~f f e c ts
will be measured or described by comparative indexes relating to fluc-
tuations in output , emp loyment , and income. Adverse effects would be
the result of any plan that would reduce the economic base or result
in economic instability contrary to the goals of the region .

Func tional Curve and Rationale

None available.

Pred iction of Impacts

Impact prediction depends entirely on the existing base and nature
of the p lan or projec t be ing implemented .

Remarks

When the region under study has too great a concentration or
specialization in its economic base and the project and program being
evaluated would have significant effect in promoting greater diversity,
the following information should be shown in planning reports: (a) a
statistical description of the area’s economic base, highlighting the
emp loyment concentrations of concern ; (b) projections of future emp loy— 

V

ment both with and without the plan; and (c) the percentage reduction
in the area ’s dependence on its spec ial ized emp loyment base. From
Bureau of Reclamation (1972).
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- Account: Reg ional Development

Category : Regional Effects on Educational , Cultural , and Recreational
Opportunities

Def inition and Measurement

Beneficial effects of this component include contributions to
(a) improved op?ortunities for community services (utilities, roads,
schools, hosp itals , etc.) and (b) more cultural and recreational op-
portunities (identification of historical sites, new lakes or reservoirs,
new recreational facilities. Adverse effects are identified and mea-
sured or described as detrimental effects on educational , cultural , or
recreational opportunities.

• Functional Curve and Rationale

None available.

Prediction of Impacts

A description of improved community services and cultural and
• recreational opportunities will be provided in planning reports. The

numerical increase of services and oppor tunities will also be provided
as appropriate to relate the change in size, use po tential , quality ,

• etc., to the with and without analyses.

Remarks

From Bureau of Reclamation (1 972) .

i
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1. In order to illustrate the scaling , weighting , and evaluation

processes of the Water Resources Assessment Methodology (WHAM) , the fol—

V lowing hypothetical example is presented . It must be emphasized tha t

this example is presented solely for illustrating the fundamentals of

the computational processes. The scope of data presented is not in-

tended to be as extensive as an actual field analys is, but rather is

for illustrating WRAN ’s general applicability given various levels of

detail. Similarly the conclusions developed are based on the hypo—

thetical data and analyses presented and do not have general appli—

cability. Although an ef f o r t was made to provide a hypothetical example

that would be typ ical of a real—world situation , it should be reempha-

sized that the primary purpose of the examp le provided herein is only to

show how WRAN can be used.

Description of Hypothetical Study Area

2. The general setting of the study area is illustrated in

Figure Dl. The study was initiated because of continued flood ing from

the Any River , which flows out of rugged mountain terrain onto a coastal

plain used for the production of commercial timber , cattle , and crops.

The stream normally has moderate flows and high water quality; however ,

• during the rainy season flash flooding causes extensive damage to flood-

plain improvements in nearby Anytown and to outlying agricultural areas.

3. The mountainous upper portion of the drainage basin is

forested , relatively undeveloped , and extremely scenic, and has been a

favor ite re trea t for  canoeists, stream—fishermen , and naturalists. In

several areas, however , poor timber management has resulted in the loss

of employment opportunities for residents. The area is currently expe—

j riencing a net out—migration of peop le because of its depressed economy

and lack of employment opportunities.

4. Anytown is the only incorporated city in the county. There
4• are several small residential clusters in other areas of the county,

but none are in the area of any of the proposed water development

alternatives. Anytown has had a f a i r l y s t ab le  a g r i c u l t u r a l  base over

D2
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Figure Dl.  Location map

the years , although this does not provide large numbers of emp loyment

opportunities for the young people. The residents of Anytown are ba—

sically small—town oriented .

5. In terms of water development plans, the local citizens would

welcome relief from their flooding problems. Although there is no need

for additional municipal or industrial water supply in the immediate

area, a need does exist in the nearby Standard Metropolitan Statistical

Area (SMSA), Any City . Additional water for irrigation could be used

j in the immediate area of Anytown as well as in downstream areas, and

there is a need for additional recreational opportunities , especially

for the residents of Any City . Although Anytown residents would wel—

come add itional job opportunities , they probably do not want large—scale

residential or recreational development , with the accompanying influx

of tourists and outsiders.
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Alternatives Considered to Achieve Flood Control

6. In this example it is assumed that previous screening has re-

duced the list of plausible alternatives to four action plans and the

no—action alternative. Thus, the problem at this stage in the planning

process is to assess and evaluate the impacts of these five alternatives

• on the National Economic Development (NED), Environmental Quality (EQ) ,

Regional Development (RD), and Social Well—Being (SW’B ) accounts. A gen-

eral description of the alternatives follows.

Alternative A: main
stem multipurpose lake

7. This plan would consist of constructing a dam on the main stem

of Any River as illustrated in Figure Dl. The lake would be deep , clear ,

and oligotrophic, with outstanding scenic and recreational potential and

excellent access provided by an existing state highway . The dam would

include a multiple—level discharge that would allow release of high—

quality water at a temperature approximating that of the receiving

stream. The purposes of the lake would be flood control, irrigation ,

water supply, and recreation; and the lake would be managed for a warm—
water fishery .

Alternative B: three
upstream multipurpose lakes

8. This plan would consist of constructing dams near the mouths

of the three major tributaries of Any River. The lakes would serve the

same purposes as the main stem lake. The combination of lakes would

allow Any River to remain unobstructed but at the expense of providing

less flood protection and water supply yield and fewer recreational

opportunities because of limited accessibility in the upper reaches.

The three dams would not have provisions for multilevel discharge , and

the lakes would be more turbid than the main stem lake because of their

proximity to logging operations.

Alternative C: dry
lake and upstream storage

9. This plan would consist of an upstream lake to be used for
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• water Supply and irrigation storage and a dam at the site of Alterna—
• tive A to be operated as a dry lake except during times of flooding .

The plan would provide full flood—control benefits without permanent

inundation of the main stem but would not provide as many recreational

opportunities as Alternatives A or B. This alternative would result in

fewer full—time changes to the main stream and tributaries than Alterna—

• tives A or B; however , effects on small mammals and low—nesting birds in

the dry lake would be severe during flooding .

Alternative D: nonstructural

:-~ 
10. This plan consists of zoning restrictions and the flood—

proofing of future development beyond that required for minimum corn—
V 

pliance with the Flood Disaster Protection Act of 1973 (Public Law 93—

234),* assumed for the without project conditions. The plan includes

the purchase of vegetative easements and fee purchase of land for river

access sites and park development, including urban recreational facil—

ities within Anytown. The plan would preserve much of the existing

scenic quality of Any River but would not provide the same degree of

flood protection as any of the other alternatives. Irrigation and

water supply would not be included as project purposes with this plan,

and implementation would be primarily a local responsibility .

Alternative E: no action

11. Under the without project conditions assumed for the no—

V action alternative, the general flood problem would continue. However,

all future development in the floodplain would be in compliance with

the minimum standards of the Flood Disaster Protection Act of 1973.

Further development of the basin’s water resources for irrigation or

water supply purposes would not be expected in the foreseeable future.

Although the population of the area would be expected to stabilize

eventually under the without project conditions , the unfavorable eco—

nomic climate would prevail. With this alternative, environmental aual—

ity in the basin would remain generally high except in the areas of

* Sources cited in this appendix will be found in the References at
the end of the main text.
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continued logging activities. Caves inhabited by the Indiana bat and

habitats of the bald eagle in the area will not be under any protective

• jurisdictions and consequently are expected to degenerate in time.

Activities of the Interdisciplinary Team

• 12. In accordance with WRAN, the members of the interdisciplinary

team have been working together since inception of the case study. They

have individually and collectively visited the project areas and are

familar with local interests, concerns, and attitudes. Team meetings

have been opened to allow participation by representatives of citizen

groups and local, State , and Federal government agencies. In short,

public participation has been continually sought throughout the planning

process.

13. Potential problem areas have been identified , and a lengthy

list of possible project alternatives has been formulated . Through pro-

gressive iterations within the planning stages, the team has narrowed the

4 lis t to include only the five previously described alternatives. The

j projec t is in p lan development Stage 3 as described by the Corps

ER 1105—2—200 series. The interdiscip linary team has produced a refined

list of variables to be considered from a lengthy list of possible ones

by calculating relative importance coefficients (RIC ’s). Baseline data

were collected for these selected variables , and the effects of each al-

ternative including the no—action one were predicted to the extent that

the state of the art would permit. Where possible , quantitative values

were pred icted , but for some variables, it was possible only to predict

the changes from the base conditions on a qualitative (better or worse)

scale.

14. The discussions that follow for each of the four accounts

include descriptions of data and the general line of reasoning and corn—

putational processes used by the interdisciplinary team in developing

RIC ’s and scale values. The final coefficient matrix tables for each

accoun t are presented as a possible technique for displaying adverse

and benef icial impacts of each alternative on a relative basis for the
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variables within each account. The summations at the bottom of each

I matrix were provided by the interdisciplinary team to show the relative

impacts of the alternatives to each account .

-~ • NED Account

• 15. As described in Principles and Standards, NED is to be

achieved “by increasing the value of the nation ’s ou tpu t of goods and

services and improving national economic efficiency” (Water Resources

Council 1973). An estimate of the project net benefits provides a valid

measure for evaluating the impact of alternative land and water resource

• development plans on this objective. Since all components of the NED

account are measured in monetary terms, net benefits provide a direct

and comparable measure of the impacts of alternatives on the NED objec-

tive. It is not necessary to determine or scale the alternatives to

determine their impacts or the trade—offs between plans within only the

V NED account. However , if the methodology is to be used to assist the
p

• decisionmaker in evaluating impacts by all accounts, scaling of the NED

account (described in the following paragraphs) is required and should

be based on the estimates of net benefits.

16. The components and scaling of the NED account for the example

are summarized in Table Dl. It is assumed in this example that an

analysis of the alternatives indicated that no significant external

economies or diseconomies would result from their implementation , and

these components are therefore not included in the summary.

17. Net benefits are the difference between a plan’s beneficial

and adverse components. As indicated in Table Dl, net benefits for this

examp le range from —$70,000 for Alternative B to $350,000 for Alterna—

tive A , and include an estimate of zero for Alternative E, the no—action

alternative. As previously discussed , net benefit is the only factor V

required to evaluate the impacts of the alternatives on the NED objec—

tive or to compare trade—of fs within the NED account.

18. To scale the alternatives for evaluations between accounts ,

the values of 1.0 and 0.0 are assigned , respectively, to the alternatives

L 
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Table Dl

NED Account

Alternative
• (Average Annual Equivalents in

E f f e c t  of 
_ _ _ _ _ _ _ _  

Thousands of Dollars)
Impact  A l t e r n a t i v e  A B C D E

Beneficial Increased outputs:

V Flood control 600 500 600 400 ——
Water supply 900 800 800 0 ——
Irrigation 300 300 300 0 ——

Recreation 300 100 10 50 ——
Value of output from 50 80 70 0 ——

unemployed or un-
deremployed re-
sources (Area
Redevelopment) 

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _

Subtotal 2150 1830 1780 450 ——
Adverse Value of resources:

Construction 1500 1700 1600 0 0

Operation and 300 200 50 410* 0
maintenance 

_________  _______  ________  _______

Subtotal 1800 1900 1650 410 0

Net benefits 350 —70 130 40 0

Scale 1.0 0.0 0.47 0.26 0.16

Scale value 0.53 0.0 0.25 0.14 0.08

- -~~~~~~~--  L --_ _  _ _-_

* t n  lt i d~”- ~d d i t  i o n a l  • -o st  of f i ood p r o o f i n g  f u t u r e  deve lopmen t  beyond
I— V  r 1 ~ I .
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with maximum and minimum net benefits. Values for the remaining alter-

natives are assigned on the basis of the relative value of their net

benef its within this range. For example , the point value for Alter-

native E is determined by

Value of alternative — minimum
net benefit

Point value = -Maximum — minimum
net benefit

O—(— 70) 70
Point value = 

350 — (—70) 
— = 0.16

Finally the point values are scaled to sum to 1.0 by dividing the indi-

vidual point values by their sum. Again using Alternative E, the final

scale value is determined by

Scale value 
1.0 ÷ 0.0 + 0.47 + 0.26 + 0.16 = 0.08

EQ Account

19. One of the objectives of Principles and Standards is “to

enhance the quality of the environment by the management , conservation,

preservation , creation, restoration, or improvement of the quality of

certain natural and cultural resources and ecological systems” (Water

Resources Council 1973). Principles and Standards states that benefi-

cial and adverse effects of alternative plans on environmental character-

istics such as open and green space , wild and scenic rivers, lakes,

beaches, and any area of natural beauty; archeological, historical , V

biological, and geological resources; quality of land , water , and air

resources; and irreversible commitments of resources to future use, will

be included in the evaluation of the EQ account.

20. This discussion of the EQ account does not emphasize the

ra t ionale by which variables were selected for inclusion in the account

• or the degree of the impacts that have been proposed to be fitted to

each of the alternative plans. It is not within the scope of this ex-

ample to present information on the procedures for determining which
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variables should be considered or the extenç to which information should

be gathered for each variable, i.e. resource allocation. These features

of WHAM and the procedures available for refining the impact determina-

tion process by successive iterations are discussed in the main text of

the report.

21. Baseline and projected environmental conditions for each of

the project alternatives are summarized in Table D2. A table of factors

for converting metric (SI) units of measurement to U. S. customary units

and U. S. customary units to metric (SI) units is given on page 7. As

would be the case in any environmental assessment, it is not possible to

quantify all variables ; however, qualitative descriptors (beneficial to

adverse) of impacts can be effectively used if quan titative data cannot

be obtained for specific variables .

RIC

22. With in the EQ accoun t, three levels of specificity of vari-

ables were considered (Table 03). The variables within each level were

ranked using the pairwise comparison technique, including a dummy vari-

able to ensure that all variables would have a RIC greater than zero.

For example, at the first level, it was fe l t by the interd isciplinary

team that terrestrial and aquatic variables were of equal importance and

that air variables were not as important to the region in this examp le

problem . The resulting calculation of the RIC for this level is shown

in the following tabulation.

Var iable Assignment of Values Sum RIG

Terrestrial 0.5 1 1 2.5 0.42

Aq uatic 0.5 1 1 2.5 0.42

Air 0 0 1 1.0 0.16

Dummy 0 0 0 0.0 0.00

Total 6.0 1.00

Note: The RIC values displayed here are strictly for
illustration . They were calculated for use in this
examp le problem by the interdisciplinary team.
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23. RIC’s were calculated f o r  V ev l ’ ls  2 and 3 in the same

manner .  For examp le , each set of terrestrial variables in level 2

associated w i t h  a p a r t i c u l a r  v a r i a b l e  in level  I were ranked against

each o the r  as were a l l  var iab les  in level  3 tha t  were associated w i t h

the same var iab le  in level 2. All  ca lcu la ted  RIC ’ s are disp layed in

Table D3 , as are the  p roduc t s  of RIC ’ s ob ta ined  by m u l t i p ly ing the

RIC f o r  each variable in level 3 by the RIC ’s of the associated vari-

ables in levels 2 and 1. For those variables that are not subdivided

below lev el 2 , the RIC product was obtained by multiplying the RIC of

V the variable in level 2 by the RIC of the associated variable in

li--vel 1. It should be noted that  as a check , the product  RIC ’ s wi l l

sum to u n i t y  at each level.

g yariables

24. In the EQ account , two endangered species of t e r r e s t r i a l

an ima l s  and two endangered  f i sh  species were considered to war ran t

addi t iona l  cons idera t ion .  In this examp le the red f lagg ing was used

solely to draw a t t e n t i o n  to these species during the RIC calculat ions.

in d i f f e r e n t  s i tua t ions, red—flagged  variables may warrant more im—

portance than was determined fo r  this examp le problem .

A l t e r n a t i v e  Choice C o e f f i c i e n t  (ACC)

25. ACC ’ s are numerical  values calculated to show the re la t ive

e f f e c t s  of the a l t e rna t ives  on a spec i f i c  var iable.  A dummy alternative

is not used in the  calculat ion of ACC ’ s. To i l lus t ra te  the var ious

types of data that  can be used in calculating ACC ’s, the following

examp les are given .
V 26 .  Use of qua l i t a t ive  data.  Table D2 i l lus t ra tes  the use of

q u a l i t a t i v e  data regarding the pred ic t ion  of impacts of the various

a l t e rna t ives  on species d ive r s i t y  of small mammals. The data in
-‘ Table D2 indicate  tha t  d ivers i ty  of small mammals is presently mod-

e ra t e  and would remain moderate  wi th  imp lementat ion of Alternatives C

and E. Alternatives A , B, and D would enhance diversity. The fol—

lowing ACC ’ s were derived using pairwise comparison with the supposi—

t ion  that  a g rea te r  d ivers i ty  of mammals is be t te r  because of the

stability gained.
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Al ternative Assigrunent of Values [Sum ACC

A 0.5 1 0.5 1 0.30
C 

B 0.5 1 0.5 1 3 0.30

- C 0 0 0 0.5 0.5 0.05
54 

0 0.5 0.5 1 1 3 0.30

E 0 0 0.5 0 0.5 0.05

Total 10.0 1.00

27 .  Use of quantitative data. Quantitative impacts can be scaled

in at least three different ways: (a) quality index values can be de-

termined directly from an existing appropriate functional relationship

curve; (b) values can be treated as qualitative (best to worst) and

-~ compared by the pairwise comparison technique; or (c) the values can be

proportioned by the linear scaling technique.

0 
28. Sinuousi ty , a measure of the actual  s tream length  between

two points divided by the straight—line distance between those points ,

can be shown to illustrate the first case. The U. S. Army Eng ineer

Division , Lower Mississippi Valley (LMVD) ,  has developed a func tional

relationship curve that was considered appropriate and was used for this

var i ab le  (LMV D 1976) .  In general  th is  curve depicts  a h i g h e r  qua1i t~’

index value for  g rea t e r  s inuos i ty  (Figure D 2 ) .

Figure D2. Functional relationship curve
( f r o m  LMVD 1976)
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29. Values fo r  tota l  s tream length  and s t ra igh t — l i n e  length were

obtained from Table 02 and scaled from the LMVD curve to obtain the

following values for the alternatives:

Quality
Alternative Sinuosity Index Propor tioning ACC

A 1.67 0.65 0.65/3.44 0.19

B 1.60 0.61 0.61/3.44 0.17

C 1.70 0.68 0.68/3.44 0.20

D 1.85 0.75 0.75/3.44 0.22

E 1.85 0 .75  0 . 7 5/ 3 . 4 4  0 .22

Total 3.44 1.00

As can be seen from this  example , it was deemed necessary to modif y the

qua l i t y  index values taken from a func t iona l  re la t ionship curve to

force the quality index values for each alternative to sum to unity.

30. In situations for which there are quantitative data but no

use fu l  func t iona l  relat ionship curve , the interdiscip l inary  team can

either develop the functional curves if ample information is available

or make qua l i t a t ive  comparisons using the weighted rankings technique .

The hypo the t i ca l  da ta  in Table D2 for  amount of timberland can be used
S 

to demons t ra te  this s i t ua t i on .  The in te rd i sc ip l inary team made the

decision that for a number of environmental considerations , timberland

is essential to the area and any losses would be detrimental. With

th i s  assumpt ion , the fol lowing tabulat ion was derived to illustrate the

contribution of each alternative to the ACC for timberland :

Alternat ive Assignment  of Values 
— 

Sum ACC

B 0 0 0 0 0.0 0.00

C 0 1 0 0 1.0 0.10

D 1 1 1 1 4.0 0.60

E 0 1 1 1 0 2 .0 0.20

Tota l  10.0 1.00

31. An examp le of the t h i rd  way in which  q u a n t i t a t i v e  d a ta  can
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a be used is prov ided by the data in Table D2 presented for the aquatic

variable , water surface area. Because increased surface area would in-

crease the amount of solar energy striking the aquatic environmen t on a

surface area basis, which would in turn enhance productivity, the inter—

disciplinary team decided that increased aquatic surface area would be

beneficial to the environment. lit was arbitrarily decided to proportion

the values by dividing the surface areas that would result from imple-

menting an alternative by the total obtained by adding all surface acres.

This manipulation results in ACC values that sum to unity as indicated

in the following :

Surface Area
Al terna tive sq kin Proportioning ACC

A 81.88 81.88/252.68 0.33

B 58.89 58.89/252.68 0.23

C 40.07 40.07/252.68 0.16

D 35.92 35 .92/252 .68  0.14

E 35.92 35 .92/252 .68  0.14

Total 252.68 1.00

32. ACC values were determined for each variable in the EQ ac-

count by one of the methods discussed previously and are displayed in

Table D3. The final coefficients (scores) for each variab le were de-

rived by multiplying the RIC product by the ACC for each alternative.

Assuming that the differences between the sums for each alternative

are significant , implementation of Alternative D would be most benefi—
V 

cial for the terrestrial and aquatic categories, and imp lementation

of Al ternative E (no action) would be most favorable for air resources

of the study area . It can be seen, however , that because of the

greater weights that were given to the terrestrial and aquatic cate-

gories by the interdisciplinary team through the assignment of RIC’s,

Alternative D has the greatest potential in terms of enhancing

environmental quality. It can also be seen that only Alternative A , if

imp lemented , would lead to a situation that would be worse than that of

the no—action alternative.
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RD Account

33. In accordance with Principles and Standards , the beneficial

or adverse effects of proposed plans are to be considered “on a system

of relevan t regions (States, river basins, or communities)” and “will

be displayed where appropriate” (Water Resources Council 1973). For

this examp le two reg ions have been delineated : Region I, the county

within which the sites of the action plans and Anytown are located, and

Reg ion II, the remainder of the state within which this county is

located.

34. The RD account includes both monetary (income) and nonmon—

etary impacts. Whenever possible , the income variables should be

measured in their absolute dollar terms. Scaling of the regional income

impacts between alternatives can then be accomplished in the same manner

as the scaling of the NED account by (a) summing all variables measured

in absolute dollars; (b) assigning a point value of 1.0 to the alterna-

tive with the highest net regional benefit and a point value of 0.0 to

the alterna tive with the lowest net regional benefits; (c) interpolating

point values between 1.0 and 0.0 for the remaining alternatives; and

(d) scaling the point values so that they sum to 1.0.

35. In many actual planning situations, insufficient information

is available to determine the absolute dollar impac ts of all income

variables. When data are insufficient , variables with comparable mone-

tary measures can still be summed for scaling, while qualitative judg-

ment , pairwise comparison techniques, functional curves, or some other

appropriate technique will be needed for scaling the remaining variables.

To ensure that all variables receive appropr iate consideration in the

C evaluation process, an RIC is assigned to each variable, including all

with comparable monetary values The RIC ’s of these comparable variables

are summed to determine the appropr iate weight of their combined ACC ’s

in deriving the final coefficient matrix.

36. The measurements used for determining the ACC ’s for the in-

come variables for Region I in the example are summarized in Table D4.

Three techniques for measuring relative differences in impacts between

D18
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Table D4

RD Account: Region I Income Effects

- 
— 

Alternative—Income Effects in
- Measurement 

_ _ _ _ _  
Thousands of Dollars —

• Technique Variable A B C D E

-
~ Direct Value of outputs

Flood control 600 550 600 400 0
Irrigation 150 150 150 0 0

C Recreation 100 50 10 50 0

Value to unemployed or
underemployed resources 150 147 87 0 0

User payments —200 —170 —400 —410 0

Net regional e f f e c t s  800 727 447 40 0

Indirect Increases from induced or
stemming activities 200 50 0 0 0

C Losses of assistance and
welfare 150 147 87 87 0

Quali ta t ive Increases from cons t ruct ion
judgment and operation and main-

tenance activities High High High Low Low

Losses from displaced
regional activities High High High Low Low

Indirect increases in
public facility or -

service expend itures High High Moderate Low Low

D19
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alternatives are illustrated : direct , indirect , and qualitative

j u d g m e n t .

37. It was assumed for this example that the value of outputs ,

the value to unemployed or underemp loyed resources, and user payments

can be direc tly measured for Region I in absolute dollar terms. These

measures can then be summed to determine their net regional impact

with appropriate ACC ’s determined by the use of the linear scaling

process described previously.

38. In some planning situations, insufficient information is

available to enable direct variable measurement, but sufficient informa—

tion is available to provide an indirect measure that will provide a

more accurate estimate of relative differences between the impacts of

alternatives than qualitative judgment. Two examples are presented in

Table D4. Recreation benefits attributable to visitors originating from

outside Region I were used as an indirect measure for increases from

induced and stemming activities, and the value to unemployed or under-

employed resources was used for loss of assistance and welfare. Again

the linear scaling technique described previously is used to derive

ACC ’s for these variables from the indirect measures.

39. It should be noted in Table D4 that the value to unemployed

or underemployed resources for Alternative D is estimated to be 0.0

when used as a direct income measure, but $87,000 when used as an in-

direct measure of losses of assistance and welfare. This inconsistency

is appropriate. Alternative D was assumed to be primarily a local re-

sponsibility. Any payments to unemp loyed or underemployed resources in

Region I from the imp lementation of Alternative D would be intraregional

transfers that would not result in any net income gains for Region I.

However , the income redistribution effect of such transfers would result

in the loss of Federal and State monies for assistance and welfare

programs within this region.

40. When i n s u f f i c i e n t  information is available to determine

either direct or indirect measures of the impacts , the interdiscipli-

nary team will have to use qualitative judgment. Examples in Table D4

include increases from construction and operation and maintenance

OiL
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activities (greatest impact from wages to out—of—area workers during

V construction activities for Alternatives A , B, and C), losses from dis-

placed regional activities (Alternatives A and B would displace some

gravel operations), and indirect increases in public facility or service

V expenditures (Alternatives A and B are expected to result in the great—

est need for services for out—of—area construction workers and recrea—

• tion visitors, Alternative C less, and Alternatives D and E the least).

ACC ’s for these variables are then derived by the pairwise comparison
V 

technique., An example for losses from displaced regional activities is

presented in the following tabulation. As Illustrated in this example,

Alternatives A and B are expected to result in the greatest displacement

of regional activities and are, therefore, the least desirable.

Alternative 
_ _ _ _  — 

Assignment of Values Sum ACC

A 0.5 0 0 0 0.5 0.05

B 0.5 0 0 0 0.5 0.05

C 1 1 0.5 0.5 3.0 0.30

D 1 1 0.5 -0.5 3.0 0.30

E 1 0.5 0.5 3.0 0.30

Total 10.0 1.00

41. Other income variables considered by the interdisciplinary

team in the RD analysis for Region I included external economies and dis—

economies and regional contributions not included in direct user payments.

The impac t of the alternatives on these variables was determined to be

insignificant, and they were considered by the interdisciplinary team to

be of insufficient importance to be included in the final evaluation.

42. Similar analyses as described previously were used by the

interdisciplinary team to measure and scale the impacts of the alter—

natives for the remaining variables within the RD account for Regions I

and II. The ACC ’s derived from these analyses are presented in Ta—

ble 05. Also presented in Table D5 are the RIC ’s derived by the inter—

di sciplinary team and the final coefficient matrix for the RD account.

The rationale and derivation of the RIC ’s for the first level of vari-

ables within Region I are discussed as follows .

02 1

:~~T~i~~:~~ 1 
.-‘.V - - ’

~~~~~~~~ 

•

~~~~~~



r LI
Ci- 0 0 0 0 0  0 0 0 0 0 0 0  0 C 0 C 0

~~~ 

~. . 0 0  C C.- 5C I--. 0 (4I E 5J I~~~0 0  ‘-~~-~~~0 W — S O  C 5 C -
1 0~~~~O . S  --4 ... U ‘~~~~~~O ~ C(4 C) i - V . C~~~U

i- E~~~~U~~~~ ’-’ U I-. .-I~ .-- “< 0 U I -  C) Q,-~ CO U -—
I- S . - O C C V ~~~ W V ~~ U U ’I I4- V CVV . . O  U I ( 4 I S V I U C )  0 0 4 - 0 0

> Q O  S C ) U 4 - U U i -  0 O - --4 C ) 5 (  5 ( 0
5) — ~, C O V, I 5 ( 4 - V - 4SS V,C U 5 W 5 ~ ( 4 5 4 - 5 ) V~-I (45 V,I -4 50 U 0 0

(4I C)~~~~ 5 0 U 5 ) 5 0 4 - 5 ) U 5 0 4 - O ,  P 4 - ’ O 4 - 4 - 5 (  i 1 0  ,‘I 0 0
_ 5) 0 0 E 4 - 4 - C ) 4 -V~5 V - I s O _ 4 .5~ )~~ bC V_~~ 04 - . . I O 1 ) 5 0 0. P 0 V ~ C U O —

~~~~~~~~~~ 5 ) 5 ) Q 5 ( - Q 5 0 f 5 ( 5 0~~~~~ (45 0 0 0 0 0’ -  ~~~~~~~~~ 0 ~. < L  C — . O-
0 0 5 0 1) 5 0 0  0 0 0 0  0 0 0 0  ~ •-4 Q5 -4~~~~~ Ø~ 0
0 V_C > CV. 0 — -~I ,~5 0- ,-5 5/5 0. ~-. LI 0 > 4- OC V_~ 0 0P 0 U 0 5)

5.5 0. 5.5 5.)
5) 51

022

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ V



F~~~
V V
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

V -- • V V V~~~~VV V V - - - ~~~V- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Variable Aesigoment of Values — Suit’ RIC
- - - - - - - - r~~~~~~~Income e f f e c t s  0 .5  1 0 1 1 1 4 . 5  0 .21

Emp loyment 0.5 1 0 1 1 1 4 . 5  0.21

Population
d i s t r i b u t i o n  0 0 0 1 1 1 3.0 0.14

Economic base
and s tabi l i ty  1 1 1 1 1 1 6. 0 0 .29

Environmental
e f f e c t s  of
regional
concern 0 0 0 0 1 1 2 .0  0 1 0

Regional e f f e c t s ,
on education,
culture , and
recreation
opportunities 0 0 0 0 0 1 1.0 0.05

Duimny 0 0 O 0 O O 0 ~~~ O~~0

Total 21 .0  1.00

Note: It must be emphasized that the RIC values described herein are solely for  i l lustra-
t ion.  They were developed by one interdiscip linary team for  the hypo thetical setting
of Region I and should not be considered as having any general app licability.

43. As illustrated in the preceding tabulation , the economic base

and stability variable was rated as most important by the interdisci-

plinary team for Region I. This rating is justified for this example be—

cause of the poor and declining economic conditions described for Any—

town and the surrounding area. Without an improvement in the economic

conditions, little else may be accomplished. It is also reasonable then

that the related economic variables of income and employment are also

considered more important than the other factors. Environmental quality

and cultural opportunities are not considered as important by the

residents of the area given their present economic plight.

44. In order to derive the final coefficient matrix presented in

Table D5, a final RIC value must be derived for each variable for which

ACC ’s have been determined. This final RIC value is derived by multi—

plying the individual RIC ’s for each level from which a given variable

was disaggregated. For examp le, the final RIC for losses of assistance

and welfare in Region 1 (0.0141) was derived by multiplying the RIC

for Region I (0.67) by the RIC for income effects (0.21) and this pro-

duct (0.14) by the RIC for losses of assistance and welfare (0.10).
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The final coefficient matrix is the product of the ACC ’s and the

appropr iate final RIC.

45. Al ternatives for the RD account are ranked by summing the

columns of the final coefficient matrix. In this examp le , Al terna-

tive A , with a total of 0.2741, is the best alternative when consider-

ing reg ional development while Al ternative E, with a total of 0.1316 ,

is the worst.

SWB Account

46. Water and land resource plans, if implemented , may result in

significant effects on social well—being. As stated in Principles

and Standards , “these effects reflect a highly complex set of relation—

ships and interactions between inputs and outputs of a plan and the

social  and cu l tu ra l  se t t ing  in which these are received and acted upon ”

(Water Resources Council 1973). It is beyond the scope of this examp le

to go into specific measurements for social impact assessment. Once the

processes of impact assessment are completed, however , the variables

and impacts may be listed and weighted for the alternatives under

consideration.

47. Table 06 presents examples of variable measurements con-

sidered in this problem. As previously described in the RD account , the

scaling of the impacts may be based rD t only on quantitative data but

also on the i n t e rd i s c ip l inary  team ’ s profess ional  judgments .  For some

of the input variables of the SWB account, either direct or indirect

quantitative measures exist; for others , however, only qualitative

r a t i n g s  of impac ts , such as high—moderate—low , are possible.

48. The variables entitled “d irect tax increases” and “flood

damages prevented”  in Table D6 provide examples of quantitative measures

that can be used for scaling within the SWB account. Estimates of the

local  share of the costs of implementation of the various alternatives

provide the variable measurements for the former; estimates of expected

flood damagus prcvented , for the latter. The process of linear scaling

of the differences between alternatives for direct tax increase (flood

D24
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a

damages prevented)  is as follows: (a) assign a value of 1.0 to Alterna-

tive E (Alternatives A and D) and a value of 0.0 to Alternative D (Alter-

native F); (b) interpolate point values between 1,0 and 0.0 based on the

var iable measurements; and (c) scale the point values to sum to 1.0.

49. Several examples of more subjec t ive ly determined impac ts are
V 

also presented. It is in these cases that the values of the community

come frito force , and quantitative measures are not sufficient or avail—

— able. The effects of the proposed alternatives on public facilities

and services  are jud ged in view of the community ’ s highl y valued s ta—

bility and inability to support large influxes of new residents. These

f a c t o r s  also come into  p lay in determining the impacts on the index of

esthetic satisfaction. The people of Anytown value their present

social and physical environment; the alternatives that would cause the

greatest change are, t he re fo re , the least desirable. Another subjec-

tively dett-rmined measure is the variety of recreational activities,

Although the residents currently enjoy a varied mix of recreational

activities and do not want rapid growth or development in the area, they

would enjoy and appreciate improvements in the types of activities

available to them . In this instance , therefore, the large—reservoir

a l t e r na t i v e  is mo st  d&-- . i r a b l e.  In each of these subject ively ranked

measures , the p .sirwise comparison is used to derive the ACC ’s, as il-

lustrated for public facilities and services in the following tabulation.

Al ternative Assignment of Values Sum ACC

A 0 0 0 0 0.0 0.00

B 1 0 0 0 1.0 0.10

C 1 1 0 0 2 .0  0.20

0 1 1 1 0.5 3.5 0.35

E 1 1 1- 0.5 3.5 0.35

Total 10.0 1.00

50. ACC ’ s for  the SWB accoun t are presented in Table D7. Data

for several additional variables were gathered and examined , but were

not included in the final analysis because of their lack of relevance

to the choice of alternatives. In other instances , data for more than
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one variable reflected the same relative impacts for a particular

characteristic , e.g., the variables “median famil y income ” and “per

-‘ cap i t a  income ” bo th  r e f e r  to “ income gene ra t ed . ” In such cases , one of
V 

these may be dropped. However , this j udgmen t may be made only as one
progresses through the assessment process; there are few instances where

i t  may be p r e d e t e r m i n e d .

V 
51. I \ l S O  p r e sen t ed  in  Table D7 are the RI C ’s and the final co—

— e f f i c i e n t  : u it r i x  fo r  t h e -  SWB a c c o u n t .  The RIC ’s were derived by using

- pai rwise  comparison and the professional judgment of the interdiscip li-

nary  team. An examp le follows.

Variable Assigroent of Value-s Sum RIC

A 0 1 1 0 0 1 3.0 0.1w

B 1 1 0.5 0.5 1 1 5 .0  U.~~-.

C c 0 0 0 .5  0 0 . 5  1 - 1. 0 0,09
-
~~ 0 0 0.5 0.5 0_ s o 1 2.5 0.12

V E 1 0.5 1 0 .5  1 1 5.0 0.2~
F 1 0 0 _ s  1 0 1 L 5  0. 17

Dummy 0 0 0 0 0 0 0 .0  0.00

Total I L O  1.00

Note :  A = real income distribution.
B life , health , and safety.

4 C = educational , cultural , and recreational opportunities.
0 emergency preparedness.
E = demographic characteristics.
F = community organization.

52. As shown in th i s  examp le , it was the decision of the team

tha t , in terms of the SWB of the res idents  of Anytown , the var iables  of

“life , health , and safety” and “demograp hic characteristics ” were

e q u a l l y the most i m p o r t a n t .  This perspective may be contrasted with

that of the RD account , in which the economic chara cter is ti cs wer e
given the highest p r i o r i t y .  Al though seeming ly con t rad ic to ry , t h i s

variation in weight ing is exp lained by the variation in the emphas is of

the two accounts involved. The RD account focuses on the development

o f the area , wh i le the SW B acco unt focuses on the quality of life, the
more subjective aspects of living in Any town.

53. The development of R I C ’ s for the other variables follows the

same process: jud gment and weigh ting by the team. When RIC ’s and ACC ’s
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have been developed for all of the variables , the impact disp lay is p re’-

sented in the final coefficient matrix. The final PlC and final coef-

ficient matrix are obtained as discussed for the RD account. In this

example , Alternative 1 , w ith a value of 0.2410 is the best alternative

for SWB; whi le - Alternative F , with a value of 0.1661, is the worst.

C~~ p,~~~son Between Accounts

555

54. The four accounts may be compared by using me thods prev iousl y

described in each of the accounts of alternatives. These methods may

not be applied , however , until final scores from the final coefficient

matrixes of all the accounts are scaled to a comparable range. The

ACC ’s f o r  the NED account are derived by scaling the net benefits for

each alternative with the worst NED alternative always assuming a value

of 0.0 and the ACC ’ s summing to u n i t y .  The ACC ’s for  the remaining  ac—
V 

counts must  con fo rm to th i s  procedure  and range in order to be comparable.

55. To accomp lish this transformation , the final scores from the

final coefficient matrixes are used as a basis for the scaling procedure

outlined in the NED account. The SWB accoun t may be used as an examp le.

Final  ACC ’s w i t h i n  the SWB account are as follows :

A B C D E

0.1709 0.1926 0.2259 0.2410 0.1661

56. The most desirable a l t e rna t ive  is assigned a value of 1.0;

the least des i rable  receives a 0 .0;  and those remai ning are ass igned on

S 
the basis of their relative values within this range :

A B C D
0.03 0.33 0.73 1.00 0.00

7 57. Finally, these point values are scaled to sum to 1.0:
I

A B C D E
0.01 0.15 0.35 0.49 0.00

58. This  same process is followed for the ACC ’s of the RD and
EQ accounts. The transformed ACC ’s for the accoun ts are shown be low ,

D30
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V ilo ng with the PlC ’s determined for each account. These are multi p l ied

toge ther and the products shown in the final coefficient matrix of the

analysis.

59. This display shows that Alternatives A , C, and I) are fairl y

evenly ranked as far as being most desirable. Alternative E is the

least desira bl V - , with Alternative B in between. To examine trade—offs

between accounts , it nay be noted that Alternative A derives most of its

strength from its hi gh score in the NED account. The EQ account , on the

ott~cr  ha nd , provides its greatest weight in Alternative D. These kinds

of c omparisons are examp les of the ways these numbers may be used to

assist in project evaluation.

ACC—Al ternative

Account RIC A B C D E

EQ 0.35 0.00 0.24 0.25 0.34 0.17

NED 0.35 0.53 0.00 0.25 0.14 0.08

V RD 0.15 0.42 0.31 0.18 0.09 0.00

SWB 0.15 0.01 0.15 0.35 0.49 0.00

Final Coefficient Matrix—Alternative

A B C D E
EQ 0.35 0.00 0.0840 0.0875 0.1190 0.0595

NED 0.35 0.1855 0.00 0.0875 0.0490 0.0280

RD 0.15 0.0630 0.0465 0.0270 0.0135 0.00

SWB 0.15 0.0015 0.0225 0.0525 0.0735 0.00

Total 0.2500 0.1530 0.2545 0.2550
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